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ABSTRACT 
The bronchial epithelium plays important roles in both ion transport and 
immune response. It can regulate the secretion and absorption of salt and water, which 
is essential to maintain the thickness and composition of airway surface liquid that in 
turn affect airway mucus clearance. The intact epithelial lining serves as a physical 
barrier between the stable internal environment and the constantly changing external 
environment. It also actively participates in immune response in the way that acting as 
a target cell to interact with deleterious substances and respond to a variety of 
inflammatory mediators and cytokines by altering one or several of their functions, 
such as mucin secretion or ion transport. In addition, it is responsible for the synthesis 
and release of cytokines that causes the selective recruitment, retention, and 
accumulation of various inflammatory cells. Certain inflammatory cytokines has been 
shown that they can alter the fluid and electrolyte transport of the airway epithelium. 
Bronchial asthma is characterized by immune cell infiltration that is associated 
with epithelial damage and altered ion transport functions, which suggests that airway 
inflammation and mucosal epithelium play pivotal roles during the inflammatory 
processes. A recent hypothesis suggests that the damage of bronchial epithelium and 
the derangement of mucosal epithelial transport are key factors in causing 
inflammation. Damage of the surface epithelium is due to the release of 
eosinophil-derived highly toxic cationic granule proteins such as major basic proteins 
(MBP). To simply mimic the damage seen in asthmatic inflammation, the bronchial 
epithelium can be challenged with highly charged cationic proteins, such as 
poly-L-arginine. The aim of the present study is to establish a cell culture model of 
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bronchial epithelial damage using poly-L-arginine，and to examine the effects of 
inflammatory cytokines on transepithelial chloride (CI") secretion. 
To establish a cellular model for asthmatic inflammation, human bronchial 
epithelial cells, 16HBE14o-，were grown on Transwell-CLEAR filter inserts in a 
24-well plate. The epithelia were "chemically injured" by exposing them to 
poly-L-arginine as a surrogate of the eosinophil cationic protein for various 
concentrations and time periods. The damaging effect of poly-L-arginine was 
examined by morphological, electrophysiological, biochemical and immunological 
methods. The damaged epithelia were mounted in Ussing chamber and the 
transepithelial resistances (TER) were obtained from Ohm's law by clamping the 
tissue intermittently at a value of ImV and was recorded at 1-min intervals. After the 
electrophysiological assessment, the damaged epithelia were fixed and sectioned with 
H & E staining for the morphological examination under light microscope. Cell culture 
supernatants that were obtained from apical and basolateral compartments from 
indicated experiments were collected for lactate dehydrogenase (LDH) activity 
assessment and cytokine profile examination. For those inflammation factors that 
demonstrated the most significant difference in expression, their specific levels were 
further quantified by ELISA. 
In summary, the damaging effects of poly-L-arginine on cultured 16HBE14o-
epithelia can be reflected by exfoliation of the epithelia and reduction in T E R in a 
time dependent manner. In addition, poly-L-arginine also stimulated a time-dependent 
and concentration dependent release of LDH. The expression of IL-la, IL-6, IL-6sR, 
IL-8, IL-12p40, TNF-a and R A N T E S increased significantly upon exposure to 
poly-L-arginine. Poly-L-arginine also stimulated a time-dependent and concentration 
dependent production of IL-6 in a polarized fashion. 
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It has been also shown that certain cytokines convert the normal human 
bronchial epithelium into a hypersecretory state. Therefore, the effect of IL-6 and IL-8 
on transepithelial CI" secretion in polarized epithelia was examined by simultaneous 
measurements of and he. Cells were maintained in culture using standard 
techniques and grown on Transwell-COL membranes until confluent. Isc and [Ca^ ]^,-
were measured simultaneously by electrophysiological and microspectrofluorometric 
methods, respectively. The epithelia were incubated with either IL-6 or IL-8 for 
various concentrations and time periods. They were then mounted in miniature Ussing 
chambers where the cells were perfused bilaterally with normal Krebs-Henseleit (KH) 
solution. To generate a favorable gradient for CI" exit, a basolateral to apical CI" 
gradient was applied across the epithelia by changing the apical K H solution with 
reduced CI" concentration (10 mM). UTP, a calcium-mobilizing agent, and forskolin, a 
cAMP-dependent secretagogue, were used to stimulate CI" secretion. In general, IL-6 
and IL-8 had similar effects on [Ca^ ]^, response and forskolin-stimulated Isc response, 
compared with 1 % BSA-treated time match controls, in cultured 16HBE14o- cells. 
No significant effect of IL-6 and IL-8 could be observed in cAMP-dependent CI" 
secretion, while a similar level of Ca^ "'-activated CI" transport with a reduced [Ca^ ]^, 
elevation was detected. One of the possibilities was probably associated with the 
enhancement of CaCC activity. These data could have implications for the modulation 
of cytokine-dependent ion transport in the airways, which enable the development of 





















































LIST OF FIGURES 
Fig 1.1 The overview of secreted molecules from the human bronchial 
epithelium that participate in the inflammation and host defense 
against infection. 3 
Fig 1.2 A schematic diagram showing the role of epithelial cells on innate 
and adaptive immune responses in the airways. 4 
Fig 1.3 Role of bronchial epithelium in inflammation. 7 
Fig 1.4 H & E sections of human intrapulmonary bronchial mucosa 
showing the change in structures in inflammation of airways. 11 
Fig 1.5 Immunofluorescent confocal microscopy of bronchial biopsies 
from a normal (left) and asthmatic (right) airway. 12 
Fig 1.6 A schematic diagram illustrating the multifunctional effects of 
eosinophils. 15 
Fig 1.7 Transmission electron micrographs of mitochondria in 16HBE14o-
cells. 18 
Fig 1.8 A schematic diagram summarizing the effect on cytokines on 
airway ion transport. 21 
Fig 2.1 The setup of conventional circulating Ussing chamber. 29 
Fig 2.2 A simplified model of short-circuit current (Isc) technique setup. 30 
Fig 2.3 The principle of the L D H activity assay. 34 
Fig 2.4 Antibody spotting map of RayBio® Human Inflammatory Antibody 
Array III membrane. 37 
Fig 2.5 Preparation of the permeable support before cell seeding. 40 
Fig 2.6 Preparation of 16HBE14o- cells for simultaneous measurement 
of Isc and [Ca^""],-. 41 
Fig 2.7 The arrangement for the miniature Ussing chamber with 
electrodes. 44 
Fig 2.8 The experimental setup for simultaneous measurement of Isc and 
[Ca2+], 47 
Fig 2.9 A schematic diagram of the experimental setup of miniature 
Ussing chamber on the stage of the inverted microscope. 47 
Fig 3.1.1 Poly-L-arginine reduced TER of cultured 16HBE14o- cells in a 
time dependent manner. 51 
Fig 3.1.2 Histological sections of cultured 16HBE14o- cells exposed to 
poly-L-arginine. 53 
XV 
Fig 3.1.3.1 Poly-L-arginine stimulated a release of L D H in cultured 
16HBE14o- cells in a time dependent manner. 5 5 
Fig 3.1.3.2 Poly-L-arginine decreased the cell viability of 16HBE14o- cells. 56 
Fig 3.1.3.3 Poly-L-arginine stimulated a concentration dependent release of 
L D H in cultured 16HBE14o- cells. 57 
Fig 3.1.3.4 Poly-L-arginine decreased the cell viability of 16HBE14o- cells. 58 
Fig 3.2.1.1 Representative images of antibody array membranes of cultured 
16HBE140- cells. 60 
Fig 3.2.1.2 The cytokine profile of untreated 16HBE14o- cells. 61 
Fig 3.2.1.3 The cytokine profile of poly-L-arginine-treated 16HBE14o-
cells. 62 
Fig 3.2.1.4 The change in cytokine profile of 16HBE14o- cells after 
exposure to 10 |jM poly-L-arginine for 3 hours. 63 
Fig 3.2.1.5 Comparison of IL-la expression as determined by the antibody 
array analysis. 65 
Fig 3.2.1.6 Comparison of IL-6 expression as determined by the antibody 
array analysis. 66 
Fig 3.2.1.7 Comparison of TNF-a expression as determined by the antibody 
array analysis. 67 
Fig 3.2.1.8 Comparison of IL-8 expression as determined by the antibody 
array analysis. 68 
Fig 3.2.1.9 Comparison of RANTES expression as determined by the 
antibody array analysis. 69 
Fig 3.2.1.10 Comparison of IL-6sR expression as determined by the antibody 
array analysis. 70 
Fig 3.2.1.11 Comparison of IL-12 p40 and IL-12 p70 expressions as 
determined by the antibody array analysis. 71 
Fig 3.2.1.12 Comparison of IL-12 p40/p70 ratio as determined by the 
antibody array analysis. 72 
Fig 3.2.2.1 Poly-L-arginine stimulated a release of IL-6 into apical 
compartment of cultured 16HBE14o- cells in a time dependent 
manner. 75 
Fig 3.2.2.2 Poly-L-arginine stimulated a release of IL-6 into basolateral 
compartment of cultured 16HBE14o- cells in a time dependent 
manner. 76 
Fig 3.2.2.3 Summaray of the time course effect of poly-L-arginine on the 
release of IL-6 into apical and basolateral compartment of 
cultured 16HBE14o- cells. 77 
xvi 
Fig 3.2.2.4 Poly-L-arginine stimulated a release of IL-6 dose dependently 
into apical compartment of cultured 16HBE14o- cells. 78 
Fig 3.2.2.5 Poly-L-arginine stimulated a release of IL-6 dose dependently 
into basolateral compartment of cultured 16HBE14o- cells. 79 
Fig 3.2.2.6 Summary of the concentration effect of poly-L-arginine on the 
release of IL-6 into apical and basolateral compartment of 
cultured 16HBE14o- cells. 80 
Fig 3.3.1.1 Representative recordings of simultaneous measurements of Isc 
(upper trace) and [Ca^ "^ ], (lower trace) in response to apical 
(ap) application of UTP，with 1 % B S A (left column) or 10 ng/ml 
IL-6 (right column) incubation. 84 
Fig 3.3.1.2 The time course effect of IL-6 on the first phase of Isc in 
response to apical application of 100 \iM UTP. 85 
Fig 3.3.1.3 The time course effect of IL-6 on the second phase of Isc in 
response to apical application of 100 |JM UTP. 86 
Fig 3.3.1.4 The time course effect of IL-6 on total charge transfer in 
response to apical application of 100 |aM UTP. 87 
Fig 3.3.1.5 The time course effect of IL-6 on in response to apical 
application of 100 ^ iM UTP. 88 
Fig 3.3.1.6 Representative recordings of simultaneous measurements of Isc 
(upper trace) and [Ca】.], (lower trace) in response to apical (ap) 
application of UTP, with 1 % B S A (left column) or various 
concentrations of IL-6 (right column) incubation for 48 hours. 89 
Fig 3.3.1.7 The concentration effect of IL-6 on the first phase of Isc in 
response to apical application of 100 |,iM UTP. 90 
Fig 3.3.1.8 The concentration effect of IL-6 on the second phase of Isc in 
response to apical application of 100 ^ iM UTP. 91 
Fig 3.3.1.9 The concentration effect of IL-6 on total charge transfer in 
response to apical application of 100 |,iM UTP. 92 
Fig 3.3.1.10 The concentration effect of IL-6 on [Ca^ ""], in response to apical 
application of 100 \xM UTP. 93 
Fig 3.3.2.1 Representative recordings of simultaneous measurements of Isc 
(upper trace) and [Ca】.], (lower trace) in response to apical (ap) 
application of forskolin, with 1 % B S A (left column) or 10 ng/ml 
IL-6 (right column) incubation. 95 
Fig 3.3.2.2 The time course effect of IL-6 on Isc in response to apical 
application of 10 ^ iM forskolin. 96 
Fig 3.3.2.3 The time course effect of IL-6 on total charge transfer in response 
xvii 
to apical application of 10 |JM forskolin. 97 
Fig 3.3.2.4 Representative recordings of simultaneous measurements of Isc 
(upper trace) and [Ca^ "^ ]/ (lower trace) in response to apical (ap) 
application of forskolin, with 1 % BSA (left column) or various 
concentrations of IL-6 (right column) incubation for 48 hours. 98 
Fig 3.3.2.5 The concentration effect of IL-6 on Isc in response to apical 
application of 10 ^ iM forskolin. 99 
Fig 3.3.2.6 The concentration effect of IL-6 on total charge transfer in 
response to apical application of 10 ^ iM forskolin. 100 
Fig 3.3.3.1 Representative recordings of simultaneous measurements of Isc 
(upper trace) and [Ca^ "^ ]/ (lower trace) in response to apical (ap) 
application ofUTP, with 1% BSA (left column) or 10 ng/ml 
IL-8 (right column) incubation. 103 
Fig 3.3.3.2 The time course effect of IL-8 on the first phase of Isc in 
response to apical application of 100 ^ iM U T R 104 
Fig 3.3.3.3 The time course effect of IL-8 on the second phase of Isc in 
response to apical application of 100 ^ iM U T R 105 
Fig 3.3.3.4 The time course effect of IL-8 on total charge transfer in 
response to apical application of 100 |aM U T R 106 
Fig 3.3.3.5 The time course effect of IL-8 on [Ca2+], in response to apical 
application of 100 ^ iM U T R 107 
Fig 3.3.3.6 Representative recordings of simultaneous measurements of Isc 
(upper trace) and [Ca2+], (lower trace) in response to apical (ap) 
application of UTP, with 1 % BSA (left column) or various 
concentrations of IL-8 (right column) incubation for 48 hours. 108 
Fig 3.3.3.7 The concentration effect of IL-8 on the first phase of Isc in 
response to apical application of 100 ^ iM UTP. 109 
Fig 3.3.3.8 The concentration effect of IL-8 on the second phase of Isc in 
response to apical application of 100 ^ iM UTP. 110 
Fig 3.3.3.9 The concentration effect of IL-8 on total charge transfer in 
response to apical application of 100 [iM U T R 111 
Fig 3.3.3.10 The concentration effect of IL-8 on [Ca^ "^ ], in response to apical 
application of 100 [xM U T R 112 
Fig 3.3.4.1 Representative recordings of simultaneous measurements of Isc 
(upper trace) and [Ca^ "^ ], (lower trace) in response to apical (ap) 
application of forskolin, with 1 % BSA (left column) or 10 ng/ml 
IL-8 (right column) incubation. 115 
Fig 3.3.4.2 The time course effect of IL-8 on Isc in response to apical 
xviii 
application of 10 |LIM forskolin. 116 
Fig 3.3.4.3 The time course effect of IL-8 on total charge transfer in response 
to apical application of 10 jj-M forskolin. 117 
Fig 3.3.4.4 Representative recordings of simultaneous measurements of Isc 
2+ 
(upper trace) and [Ca ], (lower trace) in response to apical (ap) 
application of forskolin, with 1 % BSA (left column) or various 
concentrations of IL-8 (right column) incubation for 48 hours. 118 
Fig 3.3.4.5 The concentration effect of IL-8 on Isc in response to apical 
application of 10 [iM forskolin. 119 
Fig 3.3.4.6 The concentration effect of IL-8 on total charge transfer in 
response to apical application of 10 |J.M forskolin. 120 
xix 
LIST OF TABLES 
Table 1 A list of substances detectable by antibody array system. 
Table 2 Effects of IL-6 and IL-8 on UTP- and forskolin-induced Isc and 
UTP-induced [Ca^ "^ ], response, compared with 1 % BSA-treated 




1.1 Role of human bronchial epithelial cells 
In human, the airways are lined with a continuous psedostratified ciliated 
bronchial epithelium. The bronchial epithelium plays important roles in both ion 
transport and immune response. It is the first line of defense against the entry of toxic 
and infectious substances, such as airborne pollutants and microbes, into the airways. 
It maintains the thickness and composition of airway surface liquid (ASL) by 
regulating salt and water secretion and absorption, which consequently affects airway 
mucus clearance (Matsui et cd., 1998, Tarran et aL, 2001). Together with the integrity 
of the epithelium that contributes to the physical barrier and secretion of protective 
mediators such as anti-bacterial substances and anti-proteases, inhaled particles and 
bacteria that trapped in the mucus layer covering the ASL are removed to the pharynx 
by the beating of cilia (Galietta et aL, 2000)，participating in the non-specific immune 
response in the airway. 
Besides serving as a passive physical barrier between the stable internal 
environment and the constantly changing external environment, the human bronchial 
epithelium also actively participates in immune response. The bronchial epithelial 
cells are able to synthesize and release a variety of mediators that may be either pro-
or anti-inflammatory as shown in Fig 1.1 (Martin et aL, 1997，Velden et al., 1998). 
These mediators are able to modulate the recruitment, activation and differentiation of 
inflammatory cells. Not only being the source of inflammatory mediators, the 
bronchial epithelium also serves as a target cell to interact with deleterious substances, 
Introduction 2 
various inflammatory mediators and inflammatory cells, via different surface 
membrane-bound molecules, for both innate and adaptive responses in the airways as 
shown in Fig 1.2. 
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Figure 1.1 The overview of secreted molecules from the human bronchial 
epithelium that participate in the inflammation and host defense against infection 
(Adapted from Bals & Hiemstra, 2004). 
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Figure 1.2 A schematic diagram showing the role of epithelial cells on innate and 
adaptive immune responses in the airways. Epithelial cells express cell surface 
receptors that recognize pathogens and, in response, release antimicrobial products 
into the airways. During inflammation, epithelial cells release chemokines, recruiting 
various inflammatory cells. Finally, epithelial cells stimulate the release of different 
mediators from the inflammatory cells to regulate the propagation of inflammation. 
PAMP, Pathogen-associated molecular pattern; PRR’ pathogen-recognition receptor; 
DC, dendritic cell, PMN’ polymorphonuclear leukocyte; EOS’ eosinophil; BASO, 
basophil; TSLP, Thymic stromal lymphopoietin, BAFF’ B-cell-activating factor of the 
tumour necrosis factor family, APRIL, a proliferation-inducing ligand (Adapted from 
Schleimer et al., 2007). 
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1.2 Role of epithelium in airway inflammation 
Inflammation is a complex biological response of vascular tissue injury. Its 
purpose is to repair, restore and, if necessary, remodel the injured tissue (Jeffery, 
2000). The human bronchial epithelium is the primary site for the interaction of 
deleterious inhaled stimuli. To response to such stimuli, the epithelium produces 
primary inflammatory mediators, such as interferon-gamma (INF-y) and tumour 
necrosis factor-alpha (TNF-a). These mediators thereupon upregulate the production 
of secondary mediators by the epithelium which affect further physiological changes 
(Martin et ai, 1997). 
The recruitment of various inflammatory cells, such as eosinophils, neutrophils 
and monocytes, into the airways is initiated by the presence of chemoattractants 
(Velden et al.’ 1998). Human bronchial epithelial cells are able to produce 
leukotrienes, arachidonic acid metabolites 15-hydroxyeicosatetranoic acid (15-HETE) 
and platelet activating factor (PAF), which are potent attractants for inflammatory 
cells (Samet et al, 1992，Campbell, 1997) upon the stimulation of primary mediators. 
In addition, human bronchial epithelial cells have been shown to produce chemokines, 
including R A N T E S (Regulated upon Activation, Normal T cell Expressed, and 
presumably Secreted) and interleukin (IL-) 8 (Stellato et al, 1995, Nakamura et al, 
1991). Collectively, the increase in chemotactic activity recruits more inflammatory 
cells to the airways, and in turn, the inflammatory cells further exacerbate 
inflammation by releasing cytokines which can act in an autocrine or paracrine 
fashion. 
Not just the inflammatory cells, human bronchial epithelial cells are able to 
synthesize and release cytokines, such as IL-5, IL-6 and ganulocyte macrophage 
colony stimulating factor (GM-CSF), as shown by Salvi et al (1999) and Cromwell et 
Introduction 6 
al (1992), respectively. In case of IL-5 and GM-CSF, it not only recruits eosinophils, 
but also prolongs their survival within the tissue (Holgate, 2000). The presence of 
certain cytokines also affect locally within the epithelium to propagate inflammation, 
including hypersecretion of mucus and alterations in ion transport. 
Furthermore, the human bronchial epithelium is capable of secreting various 
growth factors including transforming growth factor-beta (TGF-P) and epidermal 
growth factor (EGF). One of the common inflammatory disorders in conducting 
airways is asthma. There is increasing evidence that bronchial epithelial cells plays a 
central role in the pathophysiology of asthma through secretion of a wide range of 
cytokines, chemokines and growth factors that capable of supporting both chronic and 
remodeling responses (Holgate, 2007). The role of bronchial epithelium is 
summarized in Fig 1.3. 
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Figure 1.3 Role of bronchial epithelium in inflammation. Epithelial cells may be 
directly activated by allergens and pollutants. They may also be activated indirectly 
by cytokines released from inflammatory cells, such as eosinophils (Eos) and 
neutrophils (Neu). Upon activation, epithelial cells release proinflammatory mediators 
(e.g. 15-HETE) and cytokines, which are chemotactic and able to modulate 
inflammatory response. 
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1.3 Pathology of asthma 
Rather than being regarded as a single disease, currently asthma is considered to 
be a group of different disorders characteristic by (1) intermittent and reversible 
airway obstruction leading to recurrent episodes of wheezing, breathlessness, chest 
tightness, and cough; (2) airway hyperresponsiveness (AHR), which is defined as an 
increased sensitivity to bronchoconstrictors such as histamine or cholinergic agonists; 
and (3) airway inflammation (Renauld, 2001). Although the pathophysiology of 
asthma is still under elucidate, its clinical features are well established. 
Loss of surface epithelium is one of the prominent observations in asthmatic 
patients. Shedding and damage of airway surface epithelium can be observed 
histologically in biopsy specimens of asthmatic patients (Fig 1.4 A and B). Bousquet 
and his peers (2000) reviewed that the mechanisms of shedding of epithelium can be 
caused by toxic inflammatory mediators such as eosinophil granule proteins (Takafliji 
et a\., 1996)，oxygen free radicals and TNF-a (Kips et al, 1993). The increase in 
epithelium fragility may also be the result of alternation of cell-cell adhesive 
molecules such as cadherin, and the disturbance of tight junctions as shown in Fig 1.5 
(Lackie et al, 1997; Godfrey et aL, 1992). The disruption of intact selective epithelial 
barrier results in alteration of permeability of airway mucosa, increase in A H R and 
reduction of epithelial-derived relaxant factors (Ohashi et aL, 1992; VanHoutte, 
1989). 
Another long recognized change in asthma is the thickening and hyalinization of 
reticular basement membrane (i.e. lamina reticularis). It can be observed in both fatal 
and mild asthma, as well as in childhood asthma. The underlie mechanism for the 
change in such matrix structure is still unknown. Currently, there are many ongoing 
researches on the remodeling of basal lamina using various animal models and 
Introduction 9 
techniques. The airway epithelium may be one of the candidates contributing to the 
remodeling. It is well established that airway epithelium is capable of producing 
growth factors such as EGF and platelet derived growth factors (PDGF), which are 
able to interact with fibroblasts and causing the thickening of basement membrane 
(Zhang et al., 1999). In addition, overexpression of these growth factors is found in 
airway epithelium in patients with active asthma (Phipps et al., 2004). 
Goblet cell metaplasia and submucosal gland enlargement are also consistent 
features in chronic asthma. The excessive production of mucus, together with 
inflammatory exudates and inflammatory cells, induces plugs that associated with a 
fatal attack. Factors that leading to the hyperplasia of goblet cells are extensively 
studied. They include activation of EGF family receptors on epithelial cells, reactive 
oxygen species and, IL-4, IL-9 and IL-13 (Holgate, 2008). 
Ill addition, infiltration of mixture of inflammatory cells, including eosinophils, 
lymphocytes, mast cells and macrophages, is a prominent characteristic of asthma. 
Tissue eosionophilia is commonly seen in asthmatic patients, with a greater 
significant in fatal asthma than that in patients with chronic asthma (Azzawi et al, 
1990; Bonsquet et al, 2000). The extent of tissue eosinophilia also is associated with 
the asthma severity (Bonsquet et al., 1990) and A H R (Bradley et al, 1991). 
Eosinophils play an important role in asthma, which will be described later in Section 
1.4. 
Increased numbers of T-lymphocytes, in which majority of them are 
CD4-receptors bearing, are found in airway mucosa of patients with fatal asthma 
(Corrigan et al., 1995). It is believed that the amount of CD4-positive lymphocytes 
recovered in bronchoalveolar lavage (BAL) is associated with the severity of asthma 
(Walker et al., 1991). They probably modulate the inflammation process by releasing 
T helper (Th) 2-cytokines such as IL-4 and IL-5 (Ying et al., 1995). 
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Besides, increased numbers of degranulated mast cells and macrophages are 
found in the bronchi and BAL, respectively. Mast cells can participate in the 
inflammation and remodeling process by releasing Th2-like cytokines, when activated, 
and components of the basement membrane, respectively. Whereas macrophages 
perform similar function as mast cells by releasing PAF, oxygen free radicals and 
cytokines, which are able to modulate inflammation, and PDGF which can regulate 
airway remodeling. 
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Figure 1.4 H & E sections of human intrapulmonary bronchial mucosa showing the 
change in structures in inflammation of airways (magnification: XI80). A: A normal 
subject who died in a traffic accident showing intact epithelium (E) with indistinct 
underlying reticular basement membrane (L). There are few inflammatory cells and 
small amount of bronchial smooth muscles (M). B: By contrast, there is sloughing of 
the surface epithelium in fatal asthma with a prominent thickened reticular basement 
membrane. There is also an intense infiltration of inflammatory cells and enlargement 
of bronchial smooth muscle (Adapted from Bonsquet et al., 2000). 
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Figure 1.5 Immunofluorescent confocal microscopy of bronchial biopsies from a 
normal (left) and asthmatic (right) airway. The section has been stained in green and 
red, with an antibody conjugated with tight junction protein ZO-1 and the epithelial 
cell nuclei, respectively. There is a lack of tight junction organization in the asthmatic 
epithelium when viewed in both horizontal and vertical planes (Adapted from Holgate, 
2007). 
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1.4 Role of eosinophils in asthma 
The primary role of eosinophils has been considered as host defense against 
parasitic infection. However, several lines of evidence show that eosinophils act as a 
central effector cell in the inflamed asthmatic airway. Eosinophil itself is a source of 
cytokines. It can secrete a wide range of proinflammatory cytokines, chemokines and 
lipid mediators, when activated, as illustrated in Fig 1.6. These molecules have 
various biological effects including regulation of vascular permeability, mucus 
secretion, and smooth muscle constriction. 
When eosinophils degranulated, cyototoxic granules including major basic 
protein (MBP), eosinophilic cationic protein (ECP), eosinophil-derived neurotoxin 
(EDN) and eosinophil-derived peroxidase (EPO) are released. These cytotoxic 
granules also participate in the pathophysiology of asthma. MBP, which account for 
50% of all granule crystalloid cores, is highly deleterious in asthma that induces 
shedding of the surface epithelium. As mentioned in Section 1.3, shedding of 
epithelium activates epithelium and in response, producing more cytokines to 
modulate the inflammation response. Besides, M B P activate the degranulation of mast 
cells, in which the effects are also described in the previous section. Also, M B P is 
found to be associated with nerve fibres in the airway smooth muscle in fatal asthma 
postmortem study (Kariyawasam & Robinson, 2007), suggesting it may induce 
bronchoconstriction by participating in the neurogenic inflammation. In addition, 
there are studies showing that there is an increase in extracellular M B P level found in 
BAL, and the amount of M B P is associated with severity of A H R and epithelial 
denudation. 
On the other hand, eosinophils can also play an important role in airway 
remodeling. It has been proven that eosinophil is a significant source of TGF-p which 
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is able to stimulate the differentiation of fibroblasts into myofibroblasts. Upon 
activation of eosinophils, they release stores of TGF-p more readily to the tissue. The 
level of TGF-p further increases by the MBP-induced epithelial cytotoxicity, leading 
to the activation of epithelium and release of growth factors (Kariyawasam & 
Robinson, 2007). The role of eosinophils in airway remodeling is further supported by 
in vivo studies. Using eosinophil-deficient mice and anti-IL-5 monoclonal antibody, in 
which IL-5 is essential the survival and priming of eosinophils, airway changes did 
not occur (Ochkur et al； 2007). 
Collectively, eosinophils participate in both inflammation and remodeling in 
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Figure 1.6 A schematic diagram illustrating the multifunctional effects of 
eosinophils. Upon stimulation, eosinophils are able to secrete their cytotoxic granules, 
a wide range of cytokines, chemokines, lipid mediators and neuromediators. 
Eosinophils can directly communicate with T-cells and regulate their polarization by 
antigen presentation and synthesis of indoleamine 2, 3-dioxygenase, respectively. 
Major basic protein can also activate mast cells (Adapted from Rothenberg & Hogan, 
2006). 
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1.5 Review of MBP analogue, poly-L-arginine, on airway studies 
M B P is the predominant protein in the eosinophil. It is a 117 amino acid residue 
single polypeptide rich in arginine and basic in nature (Wasmoen et al., 1988). 
Poly-L-arginine is a synthetic cationic polypeptide, which has similar molecular size 
and charge with that of MBP. It has been used as a M B P surrogate to study the effects 
of M B P in airway and also other cell types (Coyle et al., 1993; O'Donnell et al., 
1983). 
It has been shown that poly-L-arginine increased A H R in rat tracheal tube (Coyle 
et al., 1994) and permeability in human isolated airways (Hulsmann et al, 1996). It 
also caused extensive epithelial damage in human isolated airways which was closely 
resembled to that of asthmatic patients. In addition, Shahana et al. (2002) showed 
incubation with poly-L-arginine altered the morphology of mitochondria and nuclei in 
16HBE140- cells and normal human bronchial epithelial (NHBE) cells using 
transmission electron microscopy (Fig 1.7)，suggesting that it could lead to the 
disturbance of cell metabolism and cell death. They also showed the shortening and 
loss of cell processes, and disruption of cell-cell contacts after the treatment of 
poly-L-arginine. 
It has been demonstrated that poly-L-arginine reproduced most of the effects of 
M B P on modulation of remodeling factors including EGF receptor and PDGF, in 
N H B E cells (Pegorier et al, 2006). With the incubation of poly-L-glutamic acid or 
heparin, a low range polyanion, the cationic effect of M B P on modulation of 
remodeling factors was partially removed. These findings suggested that the effect of 
M B P on modulation of remodeling factors was partially cationic charge dependent. 
However, some of the transcriptional and posttranscriptional effects of M B P cannot 
be reproduced by poly-L-arginine, indicating that the use of poly-L-arginine as an 
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analogue of M B P may not be able to fully explain the biological functions of M B P in 
inflammation process and airway remodeling in asthma. 
Poly-L-arginine has also been used to study the mucin release from airway 
goblet cells (Lee et al., 2002). It has been showed that the modulation on mucin 
released is molecular weight- and charge-dependent in primary hamster tracheal 
surface epithelial cells. 
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Figure 1.7 Transmission electron micrographs of mitochondria in 16HBE14o-
cells. Exposure of 16HBE14o- cells to poly-L-arginine (B) decreases the number of 
cristae in the mitochondria compared with the control (A) (Adapted from Shahana et 
al, 2002). 
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1.6 Role of inflammatory cytokines in bronchial epithelial transport 
As mentioned in Section 1.1, the thickness and composition of ASL is important 
for both barrier function and effective mucus clearance in the airway. It is closely 
regulated through the activity of ion channels and transporters (Boucher, 1994) and 
hence resulting in the balance between sodium (Na+) absorption and chloride (CI") 
secretion. Absorption is mainly controlled by the activity of the amiloride-sensitive 
epithelial Na+ channel (ENaC; Canessa et al, 1994) whilst CI" secretion is through 
apical Cr channels, including calcium-activated CI" channels (CaCC) and cystic 
fibrosis transmembrane conductance regulator (CFTR). 
Under inflammatory condition, the levels of various cytokines and soluble 
mediators increase. Currently, there is increasing evidence showing that these 
proinflammatory mediators are able to affect ion transport activities in the airway 
epithelium through alteration of ion channels activity and expression. For example, 
Galietta's group showed that INF-y inhibited amiloride sensitive current and 
cAMP-mediated CI' secretion through the downregulation of ENaC and CFTR 
activity (2000). They also showed that INF-y upregulated the Ca^'"-dependent CI" 
secretion that was stimulated by UTP as summarized in Fig 1.8. 
In addition, other research groups showed some Th2 cytokines, such as IL-4, 
IL-9 and IL-13, altered ion transport properties of airway epithelium. Similar to INF-y, 
IL-4 upregulated the Ca^^-dependent CI" secretion and decreased ENaC activity by 
deregulating its expression. In contrast to INF-y, IL-4 upregulated both function and 
expression of CFTR (Galietta et aU 2002). Moreover, both IL-9 and IL-13 increased 
Ca2+-dependent CI" transport by increasing CaCC expression, with IL-13 being more 
potent than IL-9 in producing such effect (Endo et al” 2007). Besides, IL-13 inhibited 
the basal amiloride-sensitive Na+ absorption. Taken together, treatment of the human 
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bronchial epithelium with IL-13 led to the development of a hypersecretory ion 
transport phenotype (Danahay et al.’ 2002). Therefore, certain cytokines alter the 
balance between fluid absorption and secretion to favor the hydration of the airway 
surface and, consequently, mucus clearance (Galietta et al., 2004). 
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Figure 1.8 A schematic diagram summarizing the effect on cytokines on airway 
ion transport. ENaC, CaCC and CFTR are expressed on the apical membrane. The 
downregulation of ENaC and upregulation of CaCC and CFTR may result in a 
hypersecretory phenotype in airway epithelium, leading to hydration of mucus layer 
(ML) overlaying airway surface liquid (ASL). (Adapted from Galietta et aL, 2004) 
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1.7 Properties of 16HBE14o- cell line 
The human bronchial epithelial cell line, 16HBE14o-，was an immortal cell 
line which was derived from surface epithelium of mainstream, second-generation 
bronchi, obtained from a 1 -year-old heart-lung transplant patient (Cozens et al” 1994). 
It is easy to maintain and has a long continuity. 16HBE14o- cells form polarized 
monolayers with organized tight junction network. They also retain differentiated 
epithelial features similar to that in native epithelial cells including microvilli and cilia. 
In addition, immunofluorescence staning and electron microscopy from Ehrhardt's 
group (2002) showed that these cell layers possess other cell-cell adhesive molecules, 
such as adherens, gap junctions, and highly organized actin filaments. The presence of 
tight junctions indicated that directional ion transport property is retained in 
16HBE140- cells (Welsh & Liedtke，1986; Rechkemmer, 1988). 16HBE14o- cells 
express high levels of CFTR m R N A and protein that comparable to a colonic 
carcinoma cell line T84, which has been used as a standard for study of CFTR 
function (Gruenert et al., 1995). 
It has been revealed that amiloride, an inhibitor of epithelial sodium channel 
(ENaC), exerted no significant effect on either the basal electrogenic ion transport or 
the agonists-induced short-circuit current in 16HBE14o- cells (Koslowsky et al, 
1994). As Na+ transport was insignificant 16HBE14o- cells, it was believed that the 
basal conductance observed was due to CI" secretion, suggesting that 16HBE Mo-
cells enable direct measurement of CI" secretion. 
Taken together, these properties allow the study on barrier function and 
transepithelial CI' secretion in human airway epithelia. Because of the highly 
conserved phenotype comparied with the native epithelium, the 16HBE14o- cell line 
has been widely used to study drug absorption and metabolism, and various 
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physiological and pathological processes, including inflammation, infection, and 
cytokine expression, in an in vitro model system (Salvi et «/.,1999; Bonvallot et aL, 
2001; Hodge et al, 2001; Aoki et al., 1998; Man et al, 2000). 
Study from Ehrhardt's group (2002) also showed that 16HBE14o- cells grown 
in liquid-covered condition formed a better-organized tight junction network and 
thinner epithelial barrier than those were grown in air-liquid interface, suggesting that 
epithelial cells cultured in this way can imitate in vivo cell morphology and enable 
better drug delivery to both apical and basolateral side of polarized epithelia. 
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1.8 Objectives of the present experiments 
As discussed above, M B P and various cytokines are important in the 
inflammation process, which may also affect epithelial ion transport activities in the 
airway. Thus, the present study aims to establish a cell culture model of bronchial 
epithelial damage that mimic the eosinophilic inflammation using poly-L-arginine, a 
synthetic analogue that is similar in charge and molecular weight to MBP, in a human 
bronchial epithelial cell line (16HBE14o-). The change in cytokine profile after the 
induced damage on the epithelium will be assessed. Furthermore, we will examine the 
effects of inflammatory cytokines (IL-6 and IL-8) on transepithelial CI" secretion. 
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CHAPTER II 
MATERIALS AND METHODS 
2.1 Solutions and Chemicals 
Normal Krebs-Henseleit solution (KH solution) contained (in mM): 2.56 CaCl�， 
117 NaCl，4.7 KCl, 1.2 MgCl]，1.2 KH2PO4, 24.8 NaHCOa, and 11.1 D-glucose. Low 
Cr K H solution was prepared by 20 Ca-gluconate, 10 NaCl, 107 Na-gluconate, 4.7 
K-gluconate, 1.2 MgS04, 1.2 KH2PO4, 24.8 NaHCOs, and 11.1 D-glucose. The 
solutions were continuously bubbled with 95% O2 and 5% CO2 to maintain the pH at 
7.4 during all experiments. 
Poly-L-arginine, amiloride, UTP (uridine triphosphate), forskolin and L-Lactic 
dehydrogenase solution were from Sigma (USA). Recombinant human IL-6 and 
recombinant human IL-8 were purchased from PeproTech Asia (Israel). Before use, 
the lyophilized IL-6 protein and IL-8 protein were reconstituted in 10 m M acetic acid 
and water, respectively, to a concentration of 0.1 mg/ml and then diluted with 1 % 
B S A to a concentration of 10 |ig/ml. The resulting solutions were then aliquoted and 
stored in -20。C. Fura-2-AM (Fura-2-acetoxymethyl ester) and Pluronic acid F127 
were from Molecular probes (USA). Poly-L-arginine and UTP were dissolved in 
distilled water while all the other chemicals in dimethyl sulphoxide (DMSO). 
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2.2 Cell culture 
The human bronchial epithelial cell line, 16HBE14o-，used in the experiments 
was an immortal cell line which is derived from surface epithelium of mainstream, 
second-generation bronchi, obtained from a 1-year-old heart-lung transplant patient 
(Cozens et al, 1994). The cell line was obtained from Prof. D. C. Gruenert (California 
Pacific Medical Center Research Institute, USA). Passages from 55 to 80 were used in 
the experiments. 
16HBE140- was maintained in Minimum Essential Medium with Earle's salt 
supplemented with 10% (v/v) Fetal Bovine Serum, 1% (v/v) L-glutamine, 100 U/ml 
penicillin, and 100 jig/ml streptomycin. The cells were cultured on T-25 plastic flask 
coated with a mixture of bovine collagen type I and human fibronectin, which were 
both purchased from B D Biosciences (USA). The cells were then incubated in a 
humidified atmosphere of 5% C02/95% O2 at 37°C for seven days until the cells 
became confluent. Culture medium was changed every 3 days. Trypsinization by PET 
solution, a mixture of polyvinylpyrrolidone solution (BioSource, USA), E G T A and 
trypsin in HEPES buffered saline, was done to passage the cultured cells to new flask 
every 7 days. All of the cell culture reagents were purchased from Invitrogen (USA). 
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2.3 Measurement of transepithelial resistant (TER) 
2.3.1 Preparation of 16HBE14o- cells for measurement of TER 
16HBE14o- cells were seeded onto collagen-coated Transwell-COL filter 
membranes (Costar, USA) with pores of 0.4 |im diameter as previously described 
(Wong & Ko，2002). Each filter was affixed to a silicon elastomer ring which was 
made from S Y L G A R D ® 184 silicon elastomer kit (Dow Corning, USA), and with a 
culture area of 0.2 cm^. The filter was then coated with a mixture of collagen and 
fibronectin solution and sterilized under ultra violet light for 45 min. The seeding 
density was 3 X 10^  cells/ml (3 X 10^  cells/well). The 16HBE14o- cells reached 
confluency after 9-10 days. 
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2.3.2 Measurement of TER with conventional Ussing chambers 
After 9-10 days of culture, confluent epithelial monolayers were ready for the 
measurement of TER. The cultured epithelia were incubated with 10 |LIM 
poly-L-arginine for 1 to 5 hours with untreated cells as a control. Measurement of 
TER was performed by the use of conventional circulating Ussing chamber as shown 
in Fig 2.1 A. The chambers were connected with a U-shaped tubing system. The 
monolayers were mounted vertically between two halves of the modified Ussing 
Chamber (Fig 2.1 B). Calomel electrodes (World Precision Instruments Inc., USA), 
which were filled with 3 % agarose containing in 3 M KCl, were used in the 
experiment. 
The chambers were first filled with 20 ml of normal K H solution on both sides of 
the filter. The solutions were gassed with 5 % CO2 to adjust the pH to 7.4 and all 
experiments were performed at 37°C in a humidified atmosphere of 5 % CO2/95 % 
O2. An equilibrium period of 30 minutes was given before the experiments. Electrodes 
for measuring transepithelial potential difference (PD) and passing current were 
connected to the chambers. The basal transepithelial PD was then clamped at 0 mV， 
and the short-circuit current (Isc) was recorded with MC6-VC4 voltage-current clamp 
amplifier (Physiologic Instruments, USA) and displayed using a chart recorder (Kipp 
and Zonen, The Netherlands). The current required to clamp the transepithelial PD to 
0 m V due to any ion movement was recorded as the Isc. It is equivalent to the sum of 
active electrogenic ion fluxes across the epithelium. A constant voltage of 1 m V was 
applied periodically, and the resultant change in current was used to calculate the 
transepithelial resistance using Ohm's law. 
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Figure 2.1 The setup of conventional circulating Ussing chamber. The chambers 
were connected with a U-shaped tubing system (A). The cultured 16HBE14o- cells 
were mounted vertically between two halves of the modified Ussing Chamber (B). 
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Figure 2.2 A simplified model of short-circuit current {Isc) technique setup. 
Electrodes for measuring transepithelial potential difference (Ve) and the 
electrodes for measuring the passing current (Ig) are connected to the chambers. A 
is the cultured 16HBE14o- cells grown on Transwell-COL filter, which is mounted 
between the two halves of modified Ussing chambers. The voltage generated by 
basal transepithelial potential difference (Vt) is clamped at zero m V and the 
short-circuit current {Isc) is recorded by the voltage-clamp amplifier. 
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2.4 Morphological assessment on the damage of cultured 16HBE14o- cells 
The preparation of the cultured 16HBE14o- cells was the same as mentioned in 
section 2.3.1. For light microscopy, cultured 16HBE14o- cells treated with 10 |LIM 
poly-L-arginine for 1 to 5 hours and untreated cells were fixed in 4 % (40 g/L) 
buffered paraformaldehyde overnight. The epithelia were then dehydrated in 
increasing concentrations of ethanol, and embedded in paraffin. Thereafter, sections of 
cultured 16HBE14o- cells were cut at 5 |Lim on a rotary microtome, mounted on clean 
glass slides and dried overnight at 37°C. The sections were cleared, hydrated, and 
stained with hematoxylin and eosin (H&E) for morphological examination. 
Photographs of epithelia were digitized using a ZEISS Axioskop 2 plus camera. 
Analysis of the figures was carried out with Axio Vision 3.1 image analysis program. 
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2.5 Measurement of lactate dehydrogenase (LDH) activity 
2.5.1 Preparation of 16HBE 14o- cells for measurement of L D H 
16HBE14o- cells were seeded onto Transwell-CLEAR inserts (Costar, USA) 
with pores of 0.4 |am diameter. The seeding density was 1 X 10^ cells/ml (5 X 10^  
cells/well). The 16HBE14o- cells reached confluency after 9-10 days. The cells were 
incubated with non-serum medium 1 day prior to the experiment. 
The 16HBE140- cells were incubated with various concentrations of 
poly-L-arginine and fresh non-serum medium in the apical compartment and 
basolateral compartment，respectively, for 1, 2, 3 or 6 hours. Cells incubated with 
fresh non-serum medium were used for time match controls. Cell culture supematants 
from both apical and basolateral compartments were collected separately and 
centrifuged at 3000 X g for 10 minutes at 4°C. The supematants were then aliquoted 
and stored at -80 °C for further use. The adherent 16HBE14o- cells were lysed with 
100 j^l 0.05 % Triton in BSA and then stored at -80 for the determination of 
maximum L D H release. 
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2.5.2 Measurement of L D H activity 
The L D H activity in cell culture supematants and the cell lysate was assayed 
using the Cytotoxicity Detection Kit''^ ^^  [LDH] (Roche, Switzerland) in a 96-well 
plate, according to the manufacturer's instructions. Each sample was assayed in 
triplicate. The L D H activity was determined by a coupled enzymatic reaction, 
whereby the tetrazolium salt INT was reduced to formazan as illustrated in Fig 2.3. 
The amount of formazan formed in the assay was proportional to the number of 
damaged cells. The formazan dye formed was water soluble, and its absorbance was 
measured at 490 nm, with the reference wavelength at 620 nm, using an ELISA 
reader. 
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Figure 2.3 The principle of the L D H activity assay. The released lactate 
dehydrogenase (LDH) first reduces NAD+ to NADH/H+ by oxdizating lactate to 
pyruvate. Then 2 hydrogens are transferred from NADH/H+ to the yellow 
tetrazolium salt INT (2-[4-iodophenyl]-3-[4-nitrophenyl]-5-phenyltetrazolium 
chloride) which is reduced to formazan by the catalyst (diaphorase). 
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2.6 Study of cytokine profile 
16HBE140- cells were seeded onto T-25 plastic flask coated with mixture of 
bovine collagen type I and human fibronectin. The seeding density was 1 X 10^  
cells/ml (1 X 106 cells/flask). The 16HBE14o- cells reached confluency after 7 days. 
The cells were incubated with non-serum medium 1 day prior to the experiment. 
The 16HBE140- cells were incubated with 10 jiM poly-L-arginine for 3 hours, 
while cells incubated with fresh non-serum medium were used for time match 
controls. Cell culture supernatants were collected and centrifuged at 3000 X g for 10 
minutes at 4 °C. The supernatants were then aliquoted and stored at -80 °C for further 
use. 
The cytokine profile of the cell cultured supernatants was analyzed by RayBio® 
Human Inflammatory Antibody Array III Kit (Ray Biotech, USA) according to the 
manufacturer's instructions. The RayBio® Human Inflammatory Antibody Array III 
membrane can simultaneously detect 40 different inflammation-related factors, 
including cytokines, chemokines, soluble cytokine receptors and growth factors as 
shown in Table 1 and Fig 2.4. 
The procedures of membrane blocking and incubation with sample, 
biotin-conjugated antibodies and HRP-conjugated streptoavidin were the same as 
those in manufacturer's instructions. The membranes were detected by 
chemiluminescence, which was purchased from Amersham Pharmacia Biotech (UK), 
for 1 minute at room temperature. Then, the membranes were exposed to Fuji Film 
(Fuji, Japan) for 2 minutes. The signal intensity of individual spots was quantified by 
the FluorChem™ 8000 imaging system (Alpha Innotech Corp., USA). The positive 
control signal on each membrane was used to normalize the signal intensities of 
individual spots from different membranes so that they could be compared. 
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Table 1. A list of substances detectable by antibody array system. 
Eotaxin 
Eotaxin-2 
G-CSF Granulocyte-colony stimulating factor 
GM-CSF Granulocyte-macrophage colony stimulating factor 
ICAM-1 Intercellular adhesion molecule-1 
IFN- 7 Interferon- j 
1-309 ^ ^ l ^ ^ I Z I Z Z I ^ ^ Z ^ Z Z Z Z Z I I I Z Z Z I I Z Z I Z 
IL Interleukin-1 a, -113,-2, -3, -4, -6，-7, -8, -10, -11，-12p40，-12p70, 
-13，-15，-16,-17 
IL-6sR Interleukin-6 soluble receptor 
IP-10 Interferon- 7 inducible protein 10 
M C P Monocyte chemoattractant protein-1，-2 
M-CSF Macrophage-colony stimulating factor 
M I G Monokine induced gamma interferon 
MIP Macrophage inflammatory protein-1 a, -1 -1 (5" 
R A N T E S Regulated upon activation, normal T-cell expressed and presumably 
secreted 
TGF- 1 Transforming growth factor- 1 
TNF Tumor necrosis factor- a, 
sTNFRI Soluble tumor necrosis factor receptor I 
sTNFRII Soluble tumor necrosis factor receptor II 
PDGF-BB Platelet-derived growth factor-BB 
TIMP-2 Tissue inhibitor of metalloproteinases-2 
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| A | B | C | D | E | F | G | H | I | J | K | L 
1 POS POS NEG NEG Eotaxin Eotaxin-2 G-CSF GM-CSF ICAM-1 INF-y 1-309 IL-la 
2 POS POS NEG NEG Eotaxin Eotaxin-2 G-CSF GM-CSF ICAM-1 INF-y 1-309 IL-la 
3 丨L-lp IL-2 IL-3 IL-4 IL-6 IL-6 sR IL-7 IL-8 IL-10 IL-11 IL-12 p40 IL-12 p70 
4 IL-ip IL-2 IL-3 IL-4 IL-6 IL-6 sR IL-7 IL-8 IL-10 IL-11 IL-12 p40 IL-12 p70 
5 IL-13 IL-15 IL-16 IL-17 IP-10 MCP-I MCP-2 M-CSF MIG MlP- la MIP-lp MIP-16 
6 IL-13 IL-15 IL-16 IL-17 IP-10 MCP-1 MCP-2 M-CSF MIG MlP- la MIP-lp MIP-15 
7 RANTES TGF-pl TNF-a TNF-p sTNFRI sTNFRII PDGF- TIMP-2 NEG POS 
BB 
8 RANTES TGF-pi TNF-a TNF-P sTNFRI sTNFRII PDGF- TIMP-2 NEG POS 
Figure 2.4 Antibody spotting map of RayBio® Human Inflammatory Antibody 
Array III membrane. Each inflammatory-related factors is depicted by duplicate spots 
in its location. POS, positive control; NEG, negative control; G-CSF, 
granulocyte-colony stimulating factor; GM-CSF, granulocyte-macrophage colony 
stimulating factor; ICAM-1，intercellular adhesion molecule-1; IFN-y, interferon-y; IL, 
interleukin; IL-6sR, interleukin-6 soluble receptor; IP-10，Interferon-y, inducible 
protein 10; MCP, monocyte chemoattractant protein; M-CSF, macrophage-colony 
stimulating factor; MIG, monokine induced gamma interferon; MIP, macrophage 
inflammatory protein; RANTES, regulated upon activation, normal T-cell expressed 
and presumably secreted; TGF, transforming growth factor; TNF,tumor necrosis factor; 
sTNFR, soluble tumor necrosis factor receptor; PDGF-BB，platelet-derived growth 
factor-BB; TIMP-2, tissue inhibitor of metalloproteinases-2. 
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2.7 Quantification of interleukin-6 (IL-6) 
The preparation of 16HBE14o- cells was the same as previously described in 
Section 2.5.1. The amount of IL-6 in the cell culture supernatants was quantified 
using Human IL-6 ELISA Kit from Diaclone (France) according to the 
manufacturer's instructions. Each sample was assayed in duplicate. Cell culture 
supernatants were added into wells which were coated with monoclonal IL-6 antibody, 
and were incubated with biotinylated anti-IL-6 for 1 hour at room temperature. 
Following incubation, the unbound biotinylated anti-IL-6 was removed by washing. 
Streptavidin-HRP was added to bind to the biotinylated anti-IL-6 for 30 minutes at 
room temperature. After incubation and a wash step, substrate solution reactive with 
HRP was added to the wells. A couloured product was formed in proportion to the 
amount of IL-6 present in the cell culture supernatant. The reaction was terminated by 
addition of sulphuric acid and the absorbance was measured at 450 iim, with the 
reference wavelength at 650 nm, using an ELISA reader. 
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2.8 Simultaneous measurement of short-circuit current (Isc) and 
intracellular calcium concentration ([Ca^+D, 
2.8.1 Preparation of 16HBE14o- cells for simultaneous measurement of Isc and 
[Ca2+], 
Similar to Section 2.1.1，16HBE14o- cells were seeded onto collagen-coated 
Transwell-COL filter membranes (Costar, US,A.) with pores of 0.4 |Lim diameter. Each 
filter was affixed to a plastic circular disc with a culture area of 0.091 cm (Fig. 2.5 A). 
The filter was then coated with a mixture of collagen and fibronectin solution (Fig. 
2.5 B) and sterilized under ultra violet light for 45 min. After sterilization, the filter, 
together with a V-shaped glass rod, were placed in a six-well plate. A metal ring was 
placed on top of each filter to confine the cell-seeding area to 0.1 cm^ as illustrated in 
Fig. 2.6. 
The seeding density was 3 X 10^  cells/ml (3 X 10^  cells/well). The 16HBE14o-
cells became confluent after 9-10 days. The 16HBE14o- cells were incubated with 
various concentrations of IL-6 and IL-8 for 24, 48 or 72 hours, while cells incubated 
with 1 % B S A were used for time match controls. 
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國 
Figure 2.5 Preparation of the permeable support before cell seeding. The 
Transwell-COL filter was affixed to a plastic circular disc with a culture area of 
0.091 cm2; and supported by a V-shaped glass rod (A). The filter was then coated 
with mixture of collagen and fibronectin solution (B) and the filter became 
transparent. 
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Figure 2.6 16HBE14o- cells seeded onto collagen-coated Transwell-COL 
filters for simultaneous measurement of Isc and [Ca^ ]^,. The filters were placed in 
a six-well plate. A V-shaped glass rod was placed underneath each plastic disc to 
enable the access fresh culture medium from the basolateral side, whereas a metal 
ring was placed on top of the disc to confine the cell seeding area. 
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2.8.2 Measurement of Isc and transepithelial resistance with miniature Ussing 
chamber 
After 9-10 days, 16HBE14o- cells grown on Transwell-COL filter reached 
confluency and were mounted in a miniature Ussing chamber as described previously 
(Wong & Ko，2002). Similar to the conventional Ussing chambers, the miniature 
Ussing chamber was equipped with 2 sets of electrodes in connection with a 
voltage-current clamp amplifier (VCC 600; Physiologic Instruments, USA). The 
miniature Ussing chamber was connected to the electrodes by salt bridges which were 
made of polyethylene tubing containing saturated 3 M KCl in 1.5 % agarose. The 
arrangement for the miniature Ussing chamber with electrodes is shown in Fig. 2.7. 
Before the experiments, the intrinsic PD of the settings and fluid resistance were 
offset to zero by the voltage-current clamp amplifier. 
Normal K H solution was gassed with 5 % CO2 to adjust the pH to 7.4 and all 
experiments were performed at 37°C in a humidified atmosphere of 5 % CO2/95 % 
O2. Since it has been previously reported in 16HBE14o- cells that the apical 
membrane PD is close to the Nernst potential for CI" across the apical membrane 
(Cozens et al, 1994)，for most experiments, the apical K H solution was changed to a 
K H solution with reduced CI" concentration (10 mM). This was to apply a basolateral 
to apical CI" gradient across the epithelia in order to provide a favorable gradient for 
Cr exit. The low CI" solution was prepared by replacing NaCl, KCl, CaCb and MgCl2 
with Na-gluconate, K-gluconate, Ca-gluconate and Mg-sulphate, respectively. 
During measurements, the epithelium was short-circuited as previously 
described (Section 2.1.2). In our experiments, the upward deflection of Isc was 
defaulted as the indication of the net movement of anions from the basolateral to 
apical side of the epithelium. The determination of transepithelial resistance can be 
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referred to Section 2.1.2. 
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Figure 2.7 The arrangement for the miniature Ussing chamber with electrodes. 
The Ussing chamber was connected to electrodes by salt bridges. 
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2.8.3 Simultaneous measurement of Isc and [Ca2+], 
16HBE140- cells grown on Transwell-COL filters became confluent after 9-10 
days and were ready for simultaneous measurement of Isc and [Ca^ ]^/ (Yue et cd., 
2004). The cells were short-circuited by which the transepithelial PD was clamped at 
0 mV. Meanwhile, intracellular calcium concentration [Ca^ "^ ], was measured by 
microspectrofluorometric technique. The experimental system for simultaneous 
measurement of Isc and [Ca2+], is shown in Fig. 2.8. 
Cells were loaded with 3 |iM Fura-2-AM and 1.6 |iM pluronic F127 in normal 
K H solution for 45 minutes and incubated in humidified 95 % air-5 % CO2 at 37°C. 
Concurrently, 2.5 m M probenecid in 0.5 M N a O H (pH 7.4) was added to increase 
fluorescent dye loading and lead to a more homogeneous Fura-2 dye distribution 
Pluronic F127 is a non-ionic surfactant polyol that helps to solubilize water-insoluble 
dyes (McFadzean & Brownlee，1995), while probenecid is known to minimize the 
leakage of fluorescent dye by inhibiting organic cation extrusion systems (Leipziger 
et al, 1997; McAlroy et al, 2000). 
The Fura-2-loaded epithelium was mounted in a miniature Ussing chamber over 
an inverted microscope (Nikon TE300，Nikon Co., Japan). The cells were observed 
with a x40 extra long working distance objective (Nikon CFI Plan Flour E L W D , 0.6 
numerical aperture). To measure [Ca2+],，the cells were excited at 340 and 380 nm U V 
light emitted from a Xenon arc lamp alternately at 20 Hz. Wavelength of 520 nm was 
emitted and detected by a photomultiplier tube. The intensities of emission from 
340nm and 380nm excitations and thus the Fura-2 fluorescence ratios (340/380 nm) 
were recorded by the PTI Ratio-Master fluorescence system (Photon Technology 
International, USA) from an optical field containing 30 to 40 cells in the center of the 
epithelium. The data were shown quantitatively as a change in Fura-2 ratio (A Fura-2 
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ratio) using FeliX software. The Isc was measured with the voltage-current clamp 
amplifier simultaneously whereas the transepithelial PD was clamped to 0 mV. 
The whole setup was stabilized with bilateral perfusion of normal K H solution 
maintained at 37°C by an in-line heater (Warner Instrument, USA) (Fig. 2.7) for at 
least 5 minutes before the experiments. The apical K H solution was then changed to a 
K H solution with reduced CI* concentration. The application of different drugs was 
done using a valve controller and a perfusion system. This technique was used 
routinely in our laboratory (Yue et al., 2004). 
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Figure 2.8 The experimental setup for simultaneous measurement of Isc 
and [Ca2、. 
^^I - I _ 
solution out - 甲 产 s o l u t i o n in 
z 5 \ 
16HBE140- cells grown B B ^ miniature 
on Transwell-COL filter M S ^ Ussing chamber 
Figure 2.9 A schematic diagram of the experimental setup of miniature 
Ussing chamber on the stage of the inverted microscope. 16HBE14o- epithelium 
was mounted in the miniature Ussing chamber. The cells were observed with a x40 
extra long working distance objective. Bathing solutions from apical (ap) and 
basolateral (bl) sides of epithelium were perfused independently. 
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2.9 Data analysis 
The change in Fura-2 ratio (340/380 nm, A Fura-2 ratio) in the experiments was 
quantified by measuring the peak of each response and subtracting the equivalent 
value measured immediately prior to stimulation by agonists or drugs. 
For Isc response, both the change in Isc (A Isc), which was calculated by 
subtraction of Isc measured before stimulation from the peak response, and the total 
charge transfer across the epithelia were measured. The total charge transfer refers to 
the area under the Isc response curve over a 5 minute period (Fong et al., 1998). 
Pooled data were presented as mean 士 S.E.M. (i.e. standard error of the mean) of 
n experiments, where n refers to the number of experiments in each group. Statistical 
comparisons were preformed by one-way A N O V A with suitable correction, or 
Student's t test, where appropriate, with p < 0.05 considered significant. Curve fitting 




3.1 Damaging effect of poly-L-arginine on cultured 16HBE14o- cells 
To evaluate the damaging effect of the poly-L-arginine on cultured 16HBE14o-
cells, the damaged epithelia were subjected to electrophysiological, morphological 
and biochemical assessments which were demonstrated by changes in TER, 
morphology and L D H released, respectively. 
3.1.1 Electrophysiological assessment on the damaging effect of poly-L-arginine 
on cultured 16HBE14o- cells - Effect of poly-L-arginine on TER 
TER is an electrical parameter that represents the resistance to ion flow through 
both paracellular and transcellular pathways (Powell, 1981). It is a widely used 
method to investigate the epithelial integrity and barrier function (Parkos et al., 1992; 
Reisinger et al., 2005). In the present study, the effect of poly-L-arginine on TER of 
cultured 16HBE14o- cells was measured. 
Fig 3.1.1 shows the time course of the effect of poly-L-arginine on cultured 
16HBE140- cells. The cultured epithelia were incubated with 10 ^ iM poly-L-arginine 
for 1 to 5 hours with untreated cells as a control. The TER decreased in a 
time-dependent manner when the epithelia were exposed to poly-L-arginine. Treating 
the epithelia from 2 to 5 hours showed a significant reduction in TER when compared 
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with the time match control. 
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Figure 3.1.1 Poly-L-arginine reduced TER of cultured 16HBE14o- cells in a time 
dependent manner. TER was measured every hour after incubation of the epithelial 
cell monolayers with 10 ^iM poly-L-arginine with untreated cells as a control. The 
TER is expressed by percentage of control (/? = 4). Each data point represents the 
mean 土 S.E.M. Statistical significance is indicated by * (p < 0.05, one-way A N O V A 
with Scheffe correction). 
Results 52 
3.1.2 Morphological assessment on the damaging effect of poly-L-arginine on 
cultured 16HBE14o- cells 
The damaging effect of poly-L-arginine was examined under light microscopy. 
The degree of epithelial damage correlates with electrophysiological measurement 
(Section 3.1.1). From Fig 3.1.2, C, slight destruction of epithelial cells was observed 
after 2 hours of exposure to poly-L-arginine, whereas in epithelial cells exposed to 
poly-L-arginine for 4 hours, exfoliation of epithelia could be observed (Fig. 3.1.2，E). 
Results 53 
A B 
U^nMH^fe • ‘ ^^ — ‘ - — ......，-. 
J t ^^ 
� ( [ — A i 
m ‘ I -
i L I — � 
Figure 3.1.2 Histological sections of cultured 16HBE14o- cells exposed to 
poly-L-arginine. 16HBE14o- cells were exposed to 10 |iM poly-L-arginine (n = 6) 
for 1 to 5 hours (B-F) with untreated cells as a control (A). Destruction and 
exfoliation of epithelial cells (arrows). H&E; bar = 20 [im. 
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3.1.3 Biochemical assessment on the damaging effect of poly-L-arginine on 
cultured 16HBE14o- cells - Effect of poly-L-arginine on L D H release 
L D H is a stable cytoplasmic enzyme present in all cells. It is rapidly released 
into the cell culture supernatant when the plasma membrane is damaged. Therefore, 
assessment on L D H release can determine the cell viability of the damaged epithelia 
(Lee et al., 2002; Rich et al.’ 2003). In the present study, the L D H activity was 
measured in 16HBE14o- cells using a commercial based assay (Roche, Switzerland) 
that measures the amount of formazan formed in an enzymatic-based assay. 
Besides the amount of L D H release was quantified, the cell viability, which 
would be more significant, was expressed. The cell viability was obtained by the 
following formulae 
[ 1 - ( L D H supernatant 丨 L D H cell)] X 1 0 0 % 
where L D H cell was the total amount of L D H within untreated cells. 
Fig 3.1.3.1 shows the time course of the effect of poly-L-arginine on L D H 
release. Exposure to 50 ^ iM poly-L-arginine stimulated a time dependent increase in 
L D H release with the time match control. The viability of damaged epithelia 
decreased from 100% to 80.46 土 5.43 % {n = 4) upon exposure to poly-L-arginine 
for 3 hours as shown in Fig 3.1.3.2. 
Fig 3.1.3.3 shows the concentration effect of poly-L-arginine on L D H release. 
Exposure of the cultured epithelia to 1-100 fiM poly-L-arginine for 3 hours stimulated 
a concentration dependent increase in L D H release, with untreated cells as a control. 
There was a significant cytotoxicity induced by poly-L-arginine starting from the 
concentration of 3 |LIM for 3 hours (cell viability = 8 7 . 7 4 土 3 .71 O/o ; = 4 ) (Fig 
3.1.3.4). However, there was no significant difference in the cell viability from 3 |iM 
to 100 ]xM compared by A N O V A (with Dunnett T3 correction). 
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Figure 3.1.3.1 Poly-L-arginine stimulated a release of L D H in cultured 
16HBE140- cells in a time dependent manner. 16HBE14o- cells were exposed to 50 
|iM poly-L-arginine. Cell culture supematants were collected at 1, 2，3 and 6 hours 
with time matched untreated cells as a control (n = 4-7). Each column represents the 
mean 土 S.E.M. Statistical significance is indicated by * (p < 0.05，Student's t test). 
Results 56 
— C o n t r o l 
100 一 旧 n l n * n 國 Poly-L-arghine 
一 々 M * 
^ 80 - ^ \ -r 
系 $ ^ $ 1 一 V \ N 
60 - $ N ^ 妻 
� \ \ \ 
:E1 J J J 
1 2 3 6 
Time (hr) 
Figure 3.1.3.2 Poly-L-arginine decreased the cell viability of 16HBE14o- cells. 
The percentage of cell viability was calculated and plotted against the time of 
exposure to 50 |aM poly-L-arginine, with untreated cells as a control [n = 4-7). Each 
column represents the mean 土 S.E.M. Statistical significance is indicated by * (p < 
0.05, Student's t test). 
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Figure 3.1.3.3 Poly-L-arginine stimulated a concentration dependent release of 
L D H in cultured 16HBE14o- cells. 16HBE14o- cells were exposed to 1-100 |iM 
poly-L-arginine and cell culture supernatants were collected after 3 hours, with 
untreated cells as a control {n = 3-7). Each column represents the mean 土 S.E.M. 
Statistical significance between treatment and control is indicated by * and + (p < 
0.05, Student's t test and one-way A N O V A with Dunnett T3 correction, respectively). 
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Figure 3.1.3.4 Poly-L-arginine decreased the cell viability of 16HBE14o- cells. 
The percentage of cell viability was calculated and plotted against the concentration 
of poly-L-arginine used with the exposure time of 3 hours (n = 3-7). Untreated cells 
were used as a control. Each column represents the mean 土 S.E.M. Statistical 
significance between treatment and control is indicated by * and + (p < 0.05, 
Student's t test and one-way A N O V A with Dunnett T3 correction, respectively). 
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3.2 The cytokine profile of cultured 16HBE14o- cells damaged by 
poly-L-arginine 
3.2.1 Change of cytokine profile of cultured 16HBE14o- cells upon damaged by 
poly-L-arginine 
To gain a global understanding of cytokine production, the cytokine profiles of 
cultured 16HBE14o- cells were examined by simultaneous detection of 40 soluble 
proteins that are associated with inflammation, using the RayBio® Human 
Inflammatory Antibody Array Kit (RayBiotech, USA), which is commonly used in 
the investigation of immunopathogenesis of many diseases (Shoji et al., 2006; 
Gilmartin et al., 2008). 
Fig 3.2.1.1 A and B show the control pattern and poly-L-arginine treated pattern 
of antibody array images, respectively. As shown in Fig 3.2.1.2，the basal expression 
of IL-8 and R A N T E S were stronger than other inflammation-related factors on the 
antibody array membrane in the control group. After exposure of the cultured 
epithelial cells to 10 |iM poly-L-arginine for 3 hours, the intensities of two 
inflammation-related factors (IL-8 and RANTES) increased more than twofold and 
two other factors (IL-6 and IL-6sR) increased fivefold when compared with the 
control (Fig. 3.2.1.3). Moreover, the intensities of TNF-a and IL-la also increased 
significantly. 
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Figure 3.2.1.1 Representative images of antibody array membranes of 
cultured 16HBE14o- cells. 16HBE14o- cells were exposed to 10 ^iM 
poly-L-arginine (n = 5) for 3 hours (B) with untreated cells as a control (A). Table 














 h  ^ 
TT 
_
 s  LN
l







 f  n 










 I  血 
I  1  _  I  的
山IN
VJd











































































 二  m 
fi  OT
JI
 ^  ^  ^ 
由 3






 M  s  也 _  n u  _  t
t
-














 n  ^  ^ 



















































































 化胁  
o
, 




e  d r e 
I  I  I  I  I  I  I  I  I  一  I  I  … 




































































































































































g IT 1 Expression (Normalized with positive control) 
^ o p P P r-
o r S o k) ⑦ o 
^ ^ H ^ 
s旺g卜 —————————————— p 5. p r 
^ ^ Q 
O " CD —I 
§ ^ g POS 川川力」从力力」力义".川川力川力 川川川" 膽—""""“〉™^ 
§ I 0 NEG I 
Si W U Eotaxin Sfe^ 
^ H Eotaxin-2 
日 ^ G-CSF W 
G A GM-CSF 
g g^ - g ICAM-1 
O g S ^ INF-Y 
一3 5 O 曰. 1-309 — 應層inPT" 
^^SrJ. IL-ip 
< B- IL-2 
- ^ IL-3 ^^ 
mS^I 丨 L-4 
o 召白 IL-6 \»»»»腦 …………… ‘ 
0 ； I S 丨L-6SR ^一 
f £ g； 二 IL-7 ^ 
？2 •謹 S IL-9 
^ S IL-10 ST 
§ I § ？ IL12-P40 卜―Mw激盾厕iw^ 
1 g Is IL12-p70 
^ S ^ ^ IL-13 
S I P IL-15 
I § "L-16 
^ ^ o 2 "--17 ^^ 
SS si iP-10 
^ I MCP-1 » 
_ g 3 MCP-2 
$ § 过 M-CFS 
II " 2 s MIG 
^ a S^T： MIP-1a . ^ n 
o o ^ MIP-1P ku厕‘ 
(G !•§ MIP-15 ^G^ , I O 
？• i ^ RANTES 歸肩册^；：^^^^^^^嫌顯价^^™“""“‘ 妄 § 
^ ^ 7 TGF-P1 ‘ 
0 0 Q) TMir I 1—4—. 「 — 
2 ^ (3 TNF-a 羅厕^wHWWWi i 
1 ^ f TNF-P l層fcnd^ cB. 
昏三蒙 STNFR1 bmiM&u^ 
S, O ^ s TNF R2 hwwjgr ① 
^ PDGF-BB 膨丨 
TIM-2 hww蕭Myu I I 
£9 sjins9-a 
Results 64 
From Fig 3.2.1.4, the expression of each inflammation-related factor was 
compared with that in the control. The expression of one of the pleiotropic cytokines, 
IL-la, increased significantly from 0.16 土 0.06 to 0.39 土 0.07 (« = 5) as shown in 
Fig 3.2.1.5. The expressions of IL-6 and TNF-a were also increased significantly 
from 0.16 土 0.03 to 0.98 土 0.08 {n = 5) and 0.12 土 0.04 to 0.41 土 0.09 {n = 5), 
respectively (Fig 3.2.1.6 and 3.2.1.7). In terms of chemokines, IL-8 and RANTES 
showed a significant increase after exposure to 10 |JM poly-L-arginine for 3 hours 
(Fig 3.2.1.8 and 3.2.1.9). Only one soluble cytokine receptor, IL-6sR, increased 
significantly from 0.09 土 0.02 to 0.53 土 0.06 {n = 5) after the exposure of 
poly-L-arginine (Fig 3.2.1.10). 
It has been shown that the increased epithelial IL-12 p40 expression in asthmatic 
subjects resulted in increased B A L fluid IL-12 p40, but not IL-12 p70, concentration, 
and the elevated asthmatic B A L fluid IL-12 p40/p70 ratio has been previously 
reported (Walter et al, 2001). Therefore, the expression of IL-12 p40 and IL-12 p70 
were compared after the exposure of 16HBE14o- cells to 10 )J.M poly-L-arginine for 3 
hours. 
From Fig 3.2.1.11, the expression of IL-12 p40 was increased significantly from 
0.08 土 0.03 to 0.35 土 0.04 {n = 5) after the exposure of poly-L-arginine, while that 
of IL-12 p70 shown no significant change in expression. The IL-12 p40/p70 ratio was 
compared in Fig 3.2.1.12. There was an increase in ratio from 1.45 土 0.51 to 5.99 土 
2.01 {n = 5) after exposure to poly-L-arginine. However, there was no significant 
difference {p = 0.06). 
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Figure 3.2.1.5 Comparison of IL-la expression as determined by the antibody 
array analysis. 16HBE14o- cells were exposed to 10 [xM poly-L-arginine for 3 hours. 
Cell culture supernatant was collected with time matched untreated cells as a control 
(« = 5). The positive and negative controls of the antibody array were normalized to 1 
and 0， respectively. Each column represents the mean 土 S.E.M. Statistical 
significance is indicated by * (p < 0.05, Student's t test). 
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Figure 3.2.1.6 Comparison of IL-6 expression as determined by the antibody 
array analysis. 16HBE14o- cells were exposed to 10 ^ iM poly-L-arginine for 3 hours. 
Cell culture supernatant was collected with time matched untreated cells as a control 
{n = 5). The positive and negative controls of the antibody array were normalized to 1 
and 0, respectively. Each column represents the mean 土 S.E.M. Statistical 
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Figure 3.2.1.7 Comparison of TNF-a expression as determined by the antibody 
array analysis. 16HBE14o- cells were exposed to 10 [iM poly-L-arginine for 3 hours. 
Cell culture supernatant was collected with time matched untreated cells as a control 
(n = 5). The positive and negative controls of the antibody array were normalized to 1 
and 0，respectively. Each column represents the mean 土 S.E.M. Statistical 
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Figure 3.2.1.8 Comparison of IL-8 expression as determined by the antibody 
array analysis. 16HBE14o- cells were exposed to 10 |iM poly-L-arginine for 3 hours. 
Cell culture supernatant was collected with time matched untreated cells as a control 
{n = 5). The positive and negative controls of the antibody array were normalized to 1 
and 0, respectively. Each column represents the mean 土 S.E.M. Statistical 
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Figure 3.2.1.9 Comparison of RANTES expression as determined by the 
antibody array analysis. 16HBE14o- cells were exposed to 10 |JM poly-L-arginine for 
3 hours. Cell culture supernatant was collected with time matched untreated cells as a 
control (n = 5). The positive and negative controls of the antibody array were 
normalized to 1 and 0, respectively. Each column represents the mean 土 S.E.M. 
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Figure 3.2.1.10 Comparison of IL-6sR expression as determined by the antibody 
array analysis. 16HBE14o- cells were exposed to 10 ^ iM poly-L-arginine for 3 hours. 
Cell culture supernatant was collected with time matched untreated cells as a control 
{n = 5). The positive and negative controls of the antibody array were normalized to 1 
and 0, respectively. Each column represents the mean 土 S.E.M. Statistical 
significance is indicated by * (p < 0.05, Student's t test). 
Results 71 
Untreated 
1.0 - 逐 Poly-L-arginine 
o 0.8 -
o 专 专 -
' I N 8 0.6 -
a? ro <D + 
Q. E 
LLI O g 0.4 一 ^ ^ ^ 
0 L 色 _ 
IL-12 p40 IL-12p70 
Figure 3.2.1.11 Comparison of IL-12 p40 and IL-12 p70 expressions as 
determined by the antibody array analysis. 16HBE14o- cells were exposed to 10 ^ iM 
poly-L-arginine for 3 hours. Cell culture supernatant was collected with time matched 
untreated cells as a control {n = 5). The positive and negative controls of the antibody 
array were normalized to 1 and 0，respectively. Each column represents the mean 土 
S.E.M. Statistical significance is indicated by * (p < 0.05, Student's t test). 
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Figure 3.2.1.12 Comparison of IL-12 p40/p70 ratio as determined by the antibody 
array analysis. 16HBE14o- cells were exposed to \0\xM poly-L-arginine for 3 hours. 
Cell culture supernatant was collected with time matched untreated cells as a control 
(n = 5). Each column represents the mean 土 S.E.M. No statistical significance 
between control and poly-L-arginine-treated group is observed (Student's t test). 
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3.2.2 Quantification of IL-6 by ELISA 
From Fig 3.2.1.6，the IL-6 expression, as determined by the antibody array 
analysis, increased significantly from 0.16 土 0.03 to 0.98 土 0.08 {n = 5) after 
exposure to 10 i^M poly-L-arginine for 3 hours. Since IL-6 has been suggested to be 
involved in the pathogenesis of a variety of diseases including rheumatoid arthritis, 
psoriasis and asthmatic inflammation, its specific level was further quantified by 
using Human IL-6 ELISA kit (Diaclone, France). 
Fig 3.2.2.1 and Fig 3.2.2.2 show the time course of the effect of poly-L-arginine 
on IL-6 release in apical and basolateral compartments, respectively. Exposure to 50 
|iM poly-L-arginine stimulated a time dependent increase in IL-6 release, in both 
apical and basolateral compartments, when compared with the time match control. 
There was also a basal secretion of IL-6 in both apical and basolateral compartments, 
with a time dependent release of IL-6 in apical compartment. Fig 3.2.2.3 summarized 
the IL-6 release in both apical and basolateral compartments upon exposure to 
poly-L-arginine. Exposure to 50 poly-L-arginine induced a higher concentration 
of IL-6 release in the apical compartment than that of the basolateral compartment for 
all time points, suggesting that there is a polarized secretion of IL-6. 
Fig 3.2.2.4 and Fig 3.2.2.5 show the concentration effect of poly-L-arginine on 
IL-6 release in apical and basolateral compartments, respectively. Similarly, there was 
a spontaneous release of IL-6 in both apical and basolateral compartments. Exposure 
of the cultured epithelia to 1-100 |a.M poly-L-arginine for 3 hours stimulated a dose 
dependent increase from 1 to 10 )j.M in IL-6 release and then gradually decreased, in 
both apical and basolateral compartments, with untreated cells as a control. Fig 
3.2.2.6 summarized the IL-6 release in both apical and basolateral compartment upon 
exposure to poly-L-arginine. Exposure to various concentration of poly-L-arginine for 
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3 hours induced a significant higher concentration of release of IL-6 in the apical 
compartment than that of the basolateral compartment for all concentrations. The data 
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Figure 3.2.2.1 Poly-L-arginine stimulated a release of IL-6 into apical 
compartment of cultured 16HBE14o- cells in a time dependent manner. 16HBE14o-
cells were exposed to 50 poly-L-arginine. Cell culture supernatants in both apical 
and basolateral compartments were collected at 1，2，3 and 6 hours with time matched 
untreated cells as a control {n = 4-9). Each column represents the mean 土 S.E.M. 
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Figure 3.2.2.2 Poly-L-arginine stimulated a release of IL-6 into basolateral 
compartment of cultured 16HBE14o- cells in a time dependent manner. 16HBE14o-
cells were exposed to 50 \iM poly-L-arginine. Cell culture supematants in both apical 
and basolateral compartments were collected at 1, 2，3 and 6 hours with time matched 
untreated cells as a control (n = 4-9). Each column represents the mean 土 S.E.M. 
Statistical significance is indicated by * (p < 0.05, Student's t test). 
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Figure 3.2.2.3 Summaray of the time course effect of poly-L-arginine on the 
release of IL-6 into apical and basolateral compartment of cultured 16HBE14o- cells. 
16HBE140- cells were exposed to 50 M poly-L-arginine. Cell culture supernatants 
in both apical and basolateral compartments were collected at 1, 2, 3 and 6 hours with 
time matched untreated cells as a control (n = 4-9). Each column represents the mean 
土 S.E.M. Statistical significance between the apical and basolateral compartments of 
the same treatment is indicated by * (p < 0.05，Student's t test). 
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Figure 3.2.2.4 Poly-L-arginine stimulated a release of IL-6 dose dependently 
into apical compartment of cultured 16HBE14o- cells. 16HBE14o- cells were 
exposed to 1-100 |LIM poly-L-arginine and cell culture supernatants were collected 
after 3 hours, with untreated cells as a control {n = 3-9). Each column represents the 
mean 土 S.E.M. Statistical significance between treatment and control is indicated by 
* and + (p < 0.05, Student's t test and one-way A N O V A with Turkey correction, 
respectively). 
a and b refers io p < 0.05 when compared to 3 |uiM and 10 |iM poly-L-arginine 
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Figure 3.2.2.5 Poly-L-arginine stimulated a release of IL-6 dose dependently 
into basolateral compartment of cultured 16HBE14o- cells. 16HBE14o- cells were 
exposed to 1-100 |aM poly-L-arginine and cell culture supematants were collected 
after 3 hours, with untreated cells as a control {n = 3-9). Each column represents the 
mean 土 S.E.M. Statistical significance between treatment and control is indicated by 
* (p< 0.05, Student's t test). 
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Figure 3.2.2.6 Summary of the concentration effect of poly-L-arginine on the 
release of IL-6 into apical and basolateral compartment of cultured 16HBE14o- cells. 
16HBE14o- cells were exposed to 1-100 )j,M poly-L-arginine and cell culture 
supernatants were collected after 3 hours, with untreated cells as a control {n = 3-9). 
Each column represents the mean 土 S.E.M. Statistical significance between the 
apical and basolateral compartments of the same treatment is indicated by * (p < 0.05, 
Student's t test). 
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3.3 Effect of IL-6 and IL-8 on transepithelial CI secretion in 16HBE14o-
cells 
It has been shown that certain cytokines convert the normal human bronchial 
epithelium into a hypersecretory state (Danahay et al., 2002). As in our chemically 
injured model induced by poly-L-arginine, damage of the 16HBE14o- cells released 
IL-6 and IL-8 in large quantities (Section 3.2). In the present study, the effects of IL-6 
and IL-8 on Isc and [Ca^ ]^, induced by UTP, a calcium-mobilizing agent, and 
forskolin, a c A M P secretagogue, were measured simultaneously in 16HBE14o- cells. 
The 340/380 nm fluorescence ratio was used to represent the change in [Ca2+],. To 
prevent any sodium reabsorption, 100 jiM amiloride, an inhibitor of ENaC 
(Koslowsky et al., 1994)，was added 10 minutes prior to the application of UTP. 
Beside the peak magnitude of the Isc response was measured, the area under the Isc 
response curve, i.e. the total charge transfer across the epithelium, was used to 
compare the effect of IL-6 and IL-8 on transepithelial chloride secretion (Fong et al, 
1998). The total charge transfer was calculated by measurement of the area under the 
curve for 5 minutes with the equation: 
Total charge transfer = Isc X 300 
where the unit for total charge transfer, Isc and time is |iA and s, respectively. 
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3.3.1 Effect of IL-6 on UTP-induced Isc and [Ca^ ]^, 
Fig. 3.3.1.1, A, C and E, and Fig 3.3.1.1, B, D and F, show the representative 
recordings of simultaneous measurements of Isc and [Ca】.], in response to the apical 
application of 100 |iM UTP with incubation of 1 % BSA or 10 ng/ml IL-6 for 24, 48 
or 72 hours, respectively. Apical application of UTP elicited an increase in Isc with 
two phases, with a concomitant increase in [Ca^ "^ ],. The first phase of the response 
consists of a transient sharp peak, whereas the second phase of the response consists 
of a sustained plateau phase. 
Incubation with 10 ng/ml IL-6 did not have any significant time course effect on 
neither Isc response, for the both phases, nor total charge transfer for 24, 48 and 72 
hours as shown in Fig 3.3.1.2 Fig 3.3.1.3 and Fig 3.3.1.4, respectively. In contrast, 
incubation with 10 ng/ml IL-6 for 24 and 48 hours decreased UTP-induced [Ca^ ]^, 
ratio significantly from 0.4 土 0.03 to 0.31 土 0.03 {n = 4-6) and 0.41 土 0.02 to 0.28 
土 0.02 {n = 6), respectively, but not for those incubated for 72 hours (Fig 3.3.1.5). 
Fig. 3.3.1.6，A, C and E, and Fig 3.3.1.6, B, D and F, show the representative 
recordings of simultaneous measurements of Isc and [Ca^ "^ ], in response to the apical 
application of 100 ^ iM U T P with incubation of 1 % B S A or 0.1，1 or 10 ng/ml IL-6 for 
48 hours, respectively. Similarly, apical application of UTP elicited an increase in Isc 
with two phases, with a concomitant increase in [Ca^ "^ ],. 
Incubation with various concentrations of IL-6 did not have any significant time 
course effect on neither Isc response, for the both phases, nor total charge transfer for 
48 hours as shown in Fig 3.3.1.7, Fig 3.3.1.8 and Fig 3.3.1.9，respectively. In addition, 
incubation with IL-6 concentration lower than 10 ng/ml for 48 hours did not affect the 
UTP-induced [Ca^ ]^, response significantly as shown in Fig 3.3.1.10. 
In summary, incubation of 10 ng/ml IL-6 for 24 or 48 hours evoked a similar Isc 
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response, as well as the total charge transfer across the 16HBE14o- epithelium, to that 
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Figure 3.3.1.1 Representative recordings of simultaneous measurements of Isc (upper 
trace) and [Ca^ "^ ], (lower trace) in response to apical (ap) application of UTP, with 1 % BSA 
(left column) or 10 ng/ml IL-6 (right column) incubation. 16HBE14o- cells were initially 
perfused bilaterally with normal K H solution. The apical K H solution was then changed to a 
K H solution with reduced CI" concentration. Cells were treated with the apical application of 
100 |j,M amiloride 10 minutes prior to the apical application of 100 |J,M UTP. The effect of 
IL-6 on Isc and [Ca2+], in response to UTP was compared with time match 1 % BSA-treated 
control (A&B:24hr; C&D:48hr; E&F:72hr; n = 4-6). 
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Figure 3.3.1.2 The time course effect of IL-6 on the first phase of Isc in 
response to apical application of 100 |iM UTR 16HBE14o- cells were initially 
perfused bilaterally with normal K H solution. The apical K H solution was then 
changed to a K H solution with reduced CI" concentration. Cells were treated with 
the apical application of 100 |iM amiloride 10 minutes prior to the apical 
application of 100 |iM UTP {n = 4-6). Each column represents the mean 土 S.E.M. 
No statistical significance between IL-6-treated group with time match 1 % 
BSA-treated group is observed (Student's t test). 
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Figure 3.3.1.3 The time course effect of IL-6 on the second phase of Isc in 
response to apical application of 100 \iM UTP. 16HBE14o- cells were initially 
perfused bilaterally with normal K H solution. The apical K H solution was then 
changed to a K H solution with reduced CI" concentration. Cells were treated with 
the apical application of 100 |LIM amiloride 10 minutes prior to the apical 
application of 100 |LIM UTP (n = 4-6). Each column represents the mean 土 S.E.M. 
No statistical significance between IL-6-treated group with time match 1 % 
BSA-treated group is observed (Student's t test). 
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Figure 3.3.1.4 The time course effect of IL-6 on total charge transfer in 
response to apical application of 100 \iM UTP. 16HBE14o- cells were initially 
perfused bilaterally with normal K H solution. The apical K H solution was then 
changed to a K H solution with reduced CI" concentration. Cells were treated with 
the apical application of 100 \xM amiloride 10 minutes prior to the apical 
application of 100 ^ iM UTP (n = 4-6). Each column represents the mean 土 S.E.M. 
No statistical significance between IL-6-treated group with time match 1 % 
BSA-treated group is observed (Student's t test). 
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Figure 3.3.1.5 The time course effect of IL-6 on [Ca2+], in response to apical 
application of 100 fiM UTP. 16HBE14o- cells were initially perfused bilaterally 
with normal K H solution. The apical K H solution was then changed to a K H 
solution with reduced CI" concentration. Cells were treated with the apical 
application of 100 ^ M amiloride 10 minutes prior to the apical application of 100 
|iM U T P (n = 4-6). Each column represents the mean 土 S.E.M. Statistical 
significance between IL-6-treated group with time match 1 % BSA-treated group 
is indicated by * (/? < 0.05, Student's t test). 
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ITigure 3.3.1.6 Representative recordings of simultaneous measurements of Isc (upper 
trace) and [Ca】.]/ (lower trace) in response to apical (ap) application of UTP, with 1 % BSA 
(left column) or various concentrations of IL-6 (right column) incubation for 48 hours. 
l6HBE14o- cells were initially perfused bilaterally with normal K H solution. The apical K H 
solution was then changed to a K H solution with reduced CI" concentration. Cells were treated 
vvith the apical application of 100 ^ iM amiloride 10 minutes prior to the apical application of 
\ 00 |j.M UTP. The effect of IL-6 on Isc and [Ca2+], in response to UTP was compared with 
time match 1 % BSA-treated control (B:0.1 ng/ml IL-6; D:1 ng/ml IL-6; F:10 ng/ml IL-6; n = 
5 - 6). 
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Figure 3.3.1.7 The concentration effect of IL-6 on the first phase of Isc in 
response to apical application of 100 ^iM UTP. 16HBE14o- cells were initially 
perfused bilaterally with normal K H solution. The apical K H solution was then 
changed to a K H solution with reduced CI" concentration. Cells were treated with 
the apical application of 100 |aM amiloride 10 minutes prior to the apical 
application of 100 [xM UTP (n = 5-6). Each column represents the mean 土 S.E.M. 
No statistical significance between IL-6-treated group with time match 1 % 
BSA-treated group is observed (Student's t test). 
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Figure 3.3.1.8 The concentration effect of IL-6 on the second phase of Isc in 
response to apical application of 100 |j,M UTP. 16HBE14o- cells were initially 
perfused bilaterally with normal K H solution. The apical K H solution was then 
changed to a K H solution with reduced CI" concentration. Cells were treated with 
the apical application of 100 p M amiloride 10 minutes prior to the apical 
application of 100 UTP {n = 5-6). Each column represents the mean 土 S.E.M. 
No statistical significance between IL-6-treated group with time match 1 % 
BSA-treated group is observed (Student's t test). 
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Figure 3.3.1.9 The concentration effect of IL-6 on total charge transfer in 
response to apical application of 100 ^iM UTP. 16HBE14o- cells were initially 
perfused bilaterally with normal K H solution. The apical K H solution was then 
changed to a K H solution with reduced CI" concentration. Cells were treated with 
the apical application of 100 \xM amiloride 10 minutes prior to the apical 
application of 100 |j.M UTP {n = 5-6). Each column represents the mean 土 S.E.M. 
N o statistical significance between IL-6-treated group with time match 1 % 
BSA-treated group is observed (Student's t test). 
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Figure 3.3.1.10 The concentration effect of IL-6 on [Ca�.], in response to 
apical application of 100 |iM UTP. 16HBE14o- cells were initially perfused 
bilaterally with normal K H solution. The apical K H solution was then changed to a 
K H solution with reduced CI" concentration. Cells were treated with the apical 
application of 100 |aM amiloride 10 minutes prior to the apical application of 100 
I^M UTP (n 二 5-6). Each column represents the mean 土 S.E.M. Statistical 
significance between IL-6-treated group with time match 1 % BSA-treated group 
is indicated by * (p < 0.05, Student's t test). 
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3.3.2 Effect of IL-6 on forskolin-stimulated Isc 
Fig. 3.3.2.1’ A，C and E, and Fig 3.3.2.1, B, D and F, show the representative 
recordings of simultaneous measurements of Isc and [Ca^ "^ ], in response to the apical 
application of 10 |iM forskolin with incubation of 1 % B S A or 10 ng/ml IL-6 for 24, 
48 or 72 hours, respectively. Apical application of forskolin elicited a monophasic 
increase in Isc with no increase in [Ca^ ""],. Incubation with 10 ng/ml IL-6 did not have 
any significant effect on neither Isc response nor total charge transfer for 24, 48 and 
72 hours as shown in Fig 3.3.2.2 and Fig 3.3.2.3, respectively. 
Fig. 3.3.2.4，A, C and E，and Fig 3.3.2.4，B, D and F，show the representative 
recordings of simultaneous measurements of Isc and [Ca^ ""], in response to the apical 
application of 10 |iM forskolin with incubation of 1 % BSA or 0.1, 1 or 10 ng/ml IL-6 
for 48 hours, respectively. Similarly, apical application of forskolin elicited a 
2+ 
monophasic increase in Isc with no increase in [Ca ],. 
Interestingly, incubation with 1 ng/ml IL-6 for 48 hours, but not the others, 
argumented the forskolin-evoked Isc response and total charge transfer from 42.87 土 
1.6 ^lA/cm^ to 50.61 土 2.62 ^lA/cm^ and 10639.62 土 472.84 i^C to 12414.41 士 
568.96 i^ C, respectively (Fig 3.3.2.5 and fig 3.3.2.6), when compared with 1 % 
BSA-treated time match control. 
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Figure 3.3.2.1 Representative recordings of simultaneous measurements of Isc (upper 
trace) and [Ca�.], (lower trace) in response to apical (ap) application of forskolin, with 1 % 
B S A (left column) or 10 ng/ml IL-6 (right column) incubation. 16HBE14o- cells were 
initially perfused bilaterally with normal K H solution. The apical K H solution was then 
changed to a K H solution with reduced CI" concentration. Cells were treated with the apical 
application of 100 |LIM amiloride 10 minutes prior to the apical application of 10 
forskolin. The effect of IL-6 on Isc in response to forskolin was compared with time match 1 
% BSA-treated control (A&B: 24hr; C & D : 48hr; E&F: 72hr; n = 6-8). 
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Figure 3.3.2.2 The time course effect of IL-6 on Isc in response to apical 
application of 10 |iM forskolin. 16HBE14o- cells were initially perfused 
bilaterally with normal K H solution. The apical K H solution was then changed to a 
K H solution with reduced CI" concentration. Cells were treated with the apical 
application of 100 [iM amiloride 10 minutes prior to the apical application of 10 
|iM forskolin {n = 6-8). Each column represents the mean 土 S.E.M. No statistical 
significance between IL-6-treated group with time match 1 % BSA-treated group 
is observed (Student's t test). 
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Figure 3.3.2.3 The time course effect of IL-6 on total charge transfer in 
response to apical application of 10 |.iM forskolin. 16HBE14o- cells were initially 
perfused bilaterally with normal K H solution. The apical K H solution was then 
changed to a K H solution with reduced CI" concentration. Cells were treated with 
the apical application of 100 |LIM amiloride 10 minutes prior to the apical 
application of 10 ^iM forskolin (n = 6-8). Each column represents the mean 土 
S.E.M. N o statistical significance between IL-6-treated group with time match 1 % 
BSA-treated group is observed (Student's t test). 
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Figure 3.3.2.4 Representative recordings of simultaneous measurements of Isc (upper 
trace) and [Ca2+], (lower trace) in response to apical (ap) application of forskolin, with 1 % 
B S A (left column) or various concentrations of IL-6 (right column) incubation for 48 hours. 
16HBE140- cells were initially perfused bilaterally with normal K H solution. The apical K H 
solution was then changed to a K H solution with reduced CI" concentration. Cells were treated 
with the apical application of 100 |LIM amiloride 10 minutes prior to the apical application of 
10 )iM forskolin. The effect of IL-6 on Isc in response to forskolin was compared with time 
match 1 % BSA-treated control (B: 0.1 ng/ml IL-6; D: 1 ng/ml IL-6; F: 10 ng/ml IL-6; n = 
5-8). 
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Figure 3.3.2.5 The concentration effect of IL-6 on Isc in response to apical 
application of 10 |LIM forskolin. 16HBE14o- cells were initially perfused 
bilaterally with normal K H solution. The apical K H solution was then changed to a 
K H solution with reduced CI" concentration. Cells were treated with the apical 
application of 100 |iM amiloride 10 minutes prior to the apical application of 10 
|j.M forskolin {n = 5-8). Each column represents the mean 土 S.E.M. Statistical 
significance between IL-6-treated group with time match 1 % BSA-treated group 
is indicated by * (/? < 0.05, Student's t test). 
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Figure 3.3.2.6 The concentration effect of IL-6 on total charge transfer in 
response to apical application of 10 |LIM forskolin. 16HBE14o- cells were initially 
perfused bilaterally with normal K H solution. The apical K H solution was then 
changed to a K H solution with reduced CI" concentration. Cells were treated with 
the apical application of 100 |aM amiloride 10 minutes prior to the apical 
application of 10 |j.M forskolin {n = 5-8). Each column represents the mean 土 
S.E.M. Statistical significance between IL-6-treated group with time match 1 % 
BSA-treated group is indicated by * (/? < 0.05, Student's t test). 
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3.3.3 Effect ofIL-8 on UTP-induced Isc and [Ca^ ""], 
Fig. 3.3.3.1, A, C and E, and Fig 3.3.3.1, B, D and F, show the representative 
recordings of simultaneous measurements of Isc and [Ca2+], in response to the apical 
application of 100 \iM UTP with incubation of 1 % BSA or 10 ng/ml IL-8 for 24, 48 
or 72 hours, respectively. Apical application of UTP elicited an increase in Isc with 
two phases, with a concomitant increase in [Ca】—],. 
Similar to the effect of IL-6, incubation with 10 ng/ml IL-8 did not have any 
significant time course effect on neither Isc response, for the both phases, nor total 
charge transfer for 24，48 and 72 hours as shown in Fig 3.3.3.2, Fig 3.3.3.3 and Fig 
3.3.3.4，respectively. In contrast, incubation with 10 ng/ml IL-8 for 24 and 48 hours 
decreased UTP-induced [Ca^ ""], ratio significantly from 0.37 土 0.03 to 0.29 士 0.02 
{n = 6-7) and 0.24 土 0.03 to 0.12 土 0.03 {n = 6-8)，respectively, but not for those 
incubated for 72 hours (Fig 3.3.3.5). The effect of IL-8 on [Ca^ ]^, was very similar to 
that of IL-6 (section 3.3.1，Fig 3.3.1.5). 
Fig. 3.3.3.6, A, C and E, and Fig 3.3.3.6, B, D and F, show the representative 
recordings of simultaneous measurements of Isc and [Ca】.], in response to the apical 
application of 100 ^ iM UTP with incubation of 1 % BSA or 0.1，1 or 10 ng/ml IL-8 for 
48 hours, respectively. Similarly, apical application of UTP elicited an increase in Isc 
with two phases, with a concomitant increase in [Ca^ ]^,. 
Incubation with various concentrations of IL-8 did not have any significant time 
course effect on neither Isc response, for the both phases, nor total charge transfer for 
48 hours as shown in Fig 3.3.3.7, Fig 3.3.3.8 and Fig 3.3.3.9’ respectively. Unlike 
IL-6, incubation with IL-8 concentration of 1 ng/ml for 48 hours increased the 
UTP-induced [Ca^ ""], response significantly from 0.25 土 0.02 to 0.33 士 0.03 {n = 5-6) 
as shown in Fig 3.3.3.10. 
Results 102 
In summary, incubation of 10 ng/ml IL-8 for 24 or 48 hours evoked a similar Isc 
response, as well as the total charge transfer across the 16HBE14o- epithelium, to that 
of 1 % BSA-treated time match control, but with a lower change in [Ca ], response. 
However, incubation of 1 ng/ml IL-8 for 48 hours had an opposite effect of those 
incubation of 10 ng/ml IL-8 for 24 or 48 hours, on the UTP-induced [Ca】.], response. 
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Figure 3.3.3.1 Representative recordings of simultaneous measurements of Isc (upper 
trace) and [Ca^ "^ ], (lower trace) in response to apical (ap) application of UTP, with 1% B S A 
(left column) or 10 ng/ml IL-8 (right column) incubation. 16HBE14o- cells were initially 
perfused bilaterally with normal K H solution. The apical K H solution was then changed to a 
K H solution with reduced CI* concentration. Cells were treated with the apical application of 
100 |aM amiloride 10 minutes prior to the apical application of 100 \xM UTP. The effect of 
IL-6 on Isc and [Ca ], in response to UTP was compared with time match 1 % BSA-treated 
control (A&B:24hr; C&D:48hr; E&F:72hr; n = 6-8). 
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Figure 3.3.3.2 The time course effect of IL-8 on the first phase of Isc in 
response to apical application of 100 |LIM UTP. 16HBE14o- cells were initially 
perfused bilaterally with normal K H solution. The apical K H solution was then 
changed to a K H solution with reduced CI" concentration. Cells were treated with 
the apical application of 100 f^M amiloride 10 minutes prior to the apical 
application of 100 jiM U T P {n = 6-8). Each column represents the mean 土 S.E.M. 
N o statistical significance between IL-6-treated group with time match 1 % 
BSA-treated group is observed (Student's t test). 
Results 105 
] 1 % BSA 
- 図 IL-8 10 ng/ml 
50 -
z — � 
CM -
O 40 - T rirjq 5 - 1 - r n S 考 3 。 - _ p . . I 
J - FH^ �� 务 
… ： I I 
：E ui • U_ 
24 48 72 
Time (Hr) 
Figure 3.3.3.3 The time course effect of IL-8 on the second phase of Isc in 
response to apical application of 100 ^iM UTP. 16HBE14o- cells were initially 
perfused bilaterally with normal K H solution. The apical K H solution was then 
changed to a K H solution with reduced CI" concentration. Cells were treated with 
the apical application of 100 |j,M amiloride 10 minutes prior to the apical 
application of 100 |J,M UTP {n - 6-8). Each column represents the mean 土 S.E.M. 
No statistical significance between IL-6-treated group with time match 1 % 
BSA-treated group is observed (Student's t test). 
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Figure 3.3.3.4 The time course effect of IL-8 on total charge transfer in 
response to apical application of 100 [iM UTP. 16HBE14o- cells were initially 
perfused bilaterally with normal K H solution. The apical K H solution was then 
changed to a K H solution with reduced CI* concentration. Cells were treated with 
the apical application of 100 |j,M amiloride 10 minutes prior to the apical 
application of 100 )J,M UTP (/? = 6-8). Each column represents the mean 土 S.E.M. 
N o statistical significance between IL-6-treated group with time match 1 % 
BSA-treated group is observed (Student's t test). 
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Figure 3.3.3.5 The time course effect of IL-8 on [Ca】.], in response to apical 
application of 100 fj.M UTP. 16HBE14o- cells were initially perfused bilaterally 
with normal K H solution. The apical K H solution was then changed to a K H 
solution with reduced CI" concentration. Cells were treated with the apical 
application of 100 |j.M amiloride 10 minutes prior to the apical application of 100 
|j.M U T P {n = 6-8). Each column represents the mean 土 S.E.M. Statistical 
significance between IL-8-treated group with time match 1 % BSA-treated group 
is indicated by * (p < 0.05, Student's t test). 
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Figure 3.3.3.6 Representative recordings of simultaneous measurements of Isc (upper 
trace) and [Ca】.], (lower trace) in response to apical (ap) application of UTP, with 1 % BSA 
(left column) or various concentrations of IL-8 (right column) incubation for 48 hours. 
l6HBE14o- cells were initially perfused bilaterally with normal K H solution. The apical K H 
solution was then changed to a K H solution with reduced CI' concentration. Cells were treated 
vvith the apical application of 100 |LIM amiloride 10 minutes prior to the apical application of 
100 |iM UTP. The effect of IL-8 on Isc and [Ca:.], in response to UTP was compared with 
time match 1 % BSA-treated control (B:0.1 ng/ml IL-8; D:1 ng/ml IL-8; F:10 ng/ml IL-8; n = 
5-8). 
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Figure 3.3.3.7 The concentration effect of IL-8 on the first phase of Isc in 
response to apical application of 100 |j.M UTP. 16HBE14o- cells were initially 
perfused bilaterally with normal K H solution. The apical K H solution was then 
changed to a K H solution with reduced CI" concentration. Cells were treated with 
the apical application of 100 ^iM amiloride 10 minutes prior to the apical 
application of 100 |j.M UTP {n = 5-8). Each column represents the mean 土 S.E.M. 
No statistical significance between IL-8-treated group with time match 1 % 
BSA-treated group is observed (Student's t test). 
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Figure 3.3.3.8 The concentration effect of IL-8 on the second phase of Isc in 
response to apical application of 100 [iM UTP. 16HBE14o- cells were initially 
perfused bilaterally with normal K H solution. The apical K H solution was then 
changed to a K H solution with reduced CI" concentration. Cells were treated with 
the apical application of 100 |j,M amiloride 10 minutes prior to the apical 
application of 100 |iM U T P (« = 5-8). Each column represents the mean 士 S.E.M. 
N o statistical significance between IL-8-treated group with time match 1 % 
BSA-treated group is observed (Student's t test). 
Results 111 
1 % BSA 
_ 14000 p 
0 网 
3 12000 - IL-8 
L 一 
^ 10000 - T T c -2 8000 - ru：^ J 
ff 6000 - I T ^ H i 
1 4000 ： I R | _ 
% 2000 ^ 终 终 ^^  0 L U i U i U i 
0.1 1 10 
IL-8 (ng/ml) 
Figure 3.3.3.9 The concentration effect of IL-8 on total charge transfer in 
response to apical application of 100 |iM UTP. 16HBE14o- cells were initially 
perfused bilaterally with normal K H solution. The apical K H solution was then 
changed to a K H solution with reduced CI" concentration. Cells were treated with 
the apical application of 100 |LIM amiloride 10 minutes prior to the apical 
application of 100 jiM UTP (n = 5-8). Each column represents the mean 土 S.E.M. 
No statistical significance between IL-8-treated group with time match 1 % 
BSA-treated group is observed (Student's t test). 
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Figure 3.3.3.10 The concentration effect of IL-8 on [Ca ], in response to 
apical application of 100 p^M UTP. 16HBE14o- cells were initially perfused 
bilaterally with normal K H solution. The apical K H solution was then changed to a 
K H solution with reduced CI' concentration. Cells were treated with the apical 
application of 100 |iM amiloride 10 minutes prior to the apical application of 100 
}j.M UTP {n = 5-8). Each column represents the mean 土 S.E.M. Statistical 
significance between IL-8-treated group with time match 1 % BSA-treated group 
is indicated by * (p < 0.05, Student's t test). 
Results 113 
3.3.4 Effect of IL-8 on forskolin-stimulated Isc 
Fig. 3.3.4.1, A, C and E, and Fig 3.3.4.1，B, D and F, show the representative 
recordings of simultaneous measurements of Isc and [Ca^ .], in response to the apical 
application of 10 jiM forskolin with incubation of 1 % BSA or 10 ng/ml IL-8 for 24, 
48 or 72 hours, respectively. Apical application of forskolin elicited a monophasic 
increase in Isc with no increase in [Ca^ ]^,. 
Similar to IL-6, only one of the treatments, but not the others, stimulated a 
significant increase in both he response and total charge transfer, when compared 
with 1 % BSA-treated time match control. Incubation with 10 ng/ml IL-8 for 48 hours 
stimulated an increase in both Isc response and total charge transfer from 24.81 土 
2.27 |iA/cm^ to 33.89 土 2.91 |iA/cm^ and 6446.98 土 648.28 i^C to 8628.03 土 
690.84 |_iC，respectively (Fig 3.3.4.2 and fig 3.3.4.3). However, incubation with 10 
ng/ml IL-8 did not have any significant effect on neither Isc response nor total charge 
transfer for 24 and 72 hours. 
Fig. 3.3.4.4, A, C and E, and Fig 3.3.4.4, B, D and F, show the representative 
recordings of simultaneous measurements of Isc and [Ca2+], in response to the apical 
application of 10 i^M forskolin with incubation of 1 % BSA or 0.1, 1 or 10 ng/ml IL-6 
for 48 hours, respectively. Similarly, apical application of forskolin elicited an 
increase in Isc with one phase only, with no increase in [Ca ],. Incubation with lower 
than 10 ng/ml IL-8 for 48 hours did not have any significant effect on neither Isc 
response nor total charge transfer [iC as shown in Fig 3.3.4.5 and fig 3.3.4.6, 
respectively. 
Taken together, IL-6 and IL-8 had similar effects on [Ca2+], response and 
forskolin-stimulated Isc response, compared with 1 % BSA-treated time match 
controls, in cultured 16HBE14o- cells. Table 2 summarizes the time and concentration 
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effects of IL-6 and IL-8 on UTP- and forskolin-induced Isc, which are expressed in 
total charge transfer, and UTP-induced [Ca^ "^ , response in cultured 16HBE14o- cells. 
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Figure 3.3.4.1 Representative recordings of simultaneous measurements of Isc (upper 
trace) and [Ca^ ]^, (lower trace) in response to apical (ap) application of forskolin, with 1 % 
BSA (left column) or 10 ng/ml IL-8 (right column) incubation. 16HBE14o- cells were 
initially perfused bilaterally with normal K H solution. The apical K H solution was then 
changed to a K H solution with reduced CI" concentration. Cells were treated with the apical 
application of 100 jiM amiloride 10 minutes prior to the apical application of 10 |aM 
forskolin. The effect of IL-8 on Isc in response to forskolin was compared with time match 1 
o/o BSA-treated control (A&B: 24hr; C&D: 48hr; E&F: 72hr; n = 5-12). 
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Figure 3.3.4.2 The time course effect of IL-8 on Isc in response to apical 
application of 10 fj.M forskolin. 16HBE14o- cells were initially perfused 
bilaterally with normal K H solution. The apical K H solution was then changed to a 
K H solution with reduced CI" concentration. Cells were treated with the apical 
application of 100 |iM amiloride 10 minutes prior to the apical application of 10 
|j.M forskolin {n = 5-12). Each column represents the mean 土 S.E.M. Statistical 
significance between IL-8-treated group with time match 1 % BSA-treated group 
is indicated by * (p < 0.05，Student's t test). 
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Figure 3.3.4.3 The time course effect of IL-8 on total charge transfer in 
response to apical application of 10 [xM forskolin. 16HBE14o- cells were initially 
perfused bilaterally with normal K H solution. The apical K H solution was then 
changed to a K H solution with reduced CI" concentration. Cells were treated with 
the apical application of 100 |j,M amiloride 10 minutes prior to the apical 
application of 10 )aM forskolin (n = 5-12). Each column represents the mean 土 
S.E.M. Statistical significance between IL-8-treated group with time match 1 % 
BSA-treated group is indicated by * (p < 0.05, Student's t test). 
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Figure 3.3.4.4 Representative recordings of simultaneous measurements of Isc (upper 
trace) and [Ca2+], (lower trace) in response to apical (ap) application of forskolin, with 1 % 
B S A (left column) or various concentrations of IL-8 (right column) incubation for 48 hours. 
l6HBE14o- cells were initially perfused bilaterally with normal K H solution. The apical K H 
solution was then changed to a K H solution with reduced CI" concentration. Cells were treated 
with the apical application of 100 |JM amiloride 10 minutes prior to the apical application of 
10 p-M forskolin. The effect of IL-8 on Isc in response to forskolin was compared with time 
match 1 % BSA-treated control (B: 0.1 ng/ml IL-8; D: 1 ng/ml IL-8; F: 10 ng/ml IL-8; n = 
5-12). 
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Figure 3.3.4.5 The concentration effect of IL-8 on Isc in response to apical 
application of 10 i^M forskolin. 16HBE14o- cells were initially perfused 
bilaterally with normal KH solution. The apical KH solution was then changed to a 
KH solution with reduced CI" concentration. Cells were treated with the apical 
application of 100 \iM amiloride 10 minutes prior to the apical application of 10 
fiM forskolin {n = 5-12). Each column represents the mean 土 S.E.M. Statistical 
significance between IL-8-treated group with time match 1 % BSA-treated group 
is indicated by * (p < 0.05, Student's t test). 
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Figure 3.3.4.6 The concentration effect of IL-8 on total charge transfer in 
response to apical application of 10 forskolin. 16HBE14o- cells were initially 
perfused bilaterally with normal K H solution. The apical K H solution was then 
changed to a K H solution with reduced CI" concentration. Cells were treated with 
the apical application of 100 ^iM amiloride 10 minutes prior to the apical 
application of 10 |LIM forskolin {n = 5-12). Each column represents the mean 土 
S.E.M. Statistical significance between IL-8-treated group with time match 1 % 
BSA-treated group is indicated by * (p < 0.05, Student's t test). 
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Table 2. Effects of IL-6 and IL-8 on UTP- and forskolin-induced Isc and 
UTP-induced [Ca2+], response, compared with 1 % BSA-treated time 
match controls. 
IL-6 IL-8 
Incubation with 10 ng/ml UTP-Z^c [Ca^ ""]/ Fors-Zyc UTP-Z^c [Ca^ ""], Voxs-Isc 
24 Hr i - - i -
48 Hr i - - i t 
72Hr - - - - - -
Incubation for 48 Hr UT?-Isc [Ca】.], Fors-Z^ c UTP-/yc [Ca^""]； Fors-Zyc 
0.1 ng/ml - - - - - -
1 ng/ml - I - t -
"“ 
10 ng/ml i - - i T 
Cultured 16HBE14o- cells were incubated with IL-6 or IL-8 for various 
concentrations and time periods. UTP-induced Isc (UTP-Zyc; in terms of total charge 
transfer), UTP-induced [Ca^ ""], response (Ca^ )^, ； in terms of A Fura-2 ratio), and 
forskolin-stimulated Isc (Fors-/sc; in terms of total charge transfer) were measured as 
described in Section 2.8. f and | represent no significant difference, significantly 





4.1 Damaging effect of poly-L-arginine on cultured 16HBE14o- cells 
Intact bronchial epithelial lining is important for airways to function as a 
physical barrier between the stable internal environment and the constantly changing 
external environment by balancing salt and water secretion and absorption. The 
bronchial epithelium is also the first line of defense of our innate immune system. 
Bronchial epithelium is no longer considered as tissue that only passively participates 
in the immune response. It produces inflammatory mediators which act in an 
autocrine or paracrine fashion to propagate pathophysiological alterations (Martin et 
al； 1997). Epithelium shedding is commonly observed in bronchial biopsies of 
asthmatic patients. It is believed that such damage is probably due to the highly toxic 
cationic proteins released by the activated eosinophils (Velden et al, 1998). MBP, one 
of the major basic proteins secreted by activated eosinophils, is commonly present in 
increased level in sputa and B A L in asthmatic patients (Frigas et al., 1981). It has 
been speculated that M B P causes the loss of bronchial epithelium because of its 
highly cationic charge and basic in nature. M B P also acts on smooth muscles and 
hence increases AHR. In the present study, poly-L-arginine was used to act as a 
surrogate of M B P to damage the cultured bronchial epithelial cells，16HBE14o-, in 
order to mimic the eosinophillic inflammation in asthma. The damage induced by 
poly-L-arginine was assessed electrophysiologically, morphologically and 
biochemically. This enables better quantification of the damaging effect on cultured 
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16HBE140- cells in an in vitro model. 
Measurement of TER was used to assess the integrity and barrier function of the 
damaged cultured 16HBE14o- epithelia. Fig 3.1.1 shows the TER decreased with 
increasing the exposure time of the epithelia to 10 \iM poly-L-arginine, indicating that 
the membrane of the damaged 16HBE14o- epithelia became more leaky with the 
incubation time. Together with the histological sections as shown in Fig 3.1.2 A to E, 
the exfoliation of the damaged epithelia correlates with the TER measurement. The 
increase in paracellular permeability and exfoliation of the damaged epithelial may be 
explained by the damage of tight junctions and other cell-cell adhesive molecules 
such as desmosomes. Our data are consistent with the previous study by Shahana et al 
(2002), who also showed small pores were found in the cell membrane of N H B E cells 
after treatment with poly-L-arginine by scanning electron microscopy. These holes 
would further increase the permeability and sensitivity of the cells as low molecular 
weight, water soluble substances may leak from the cells, resulting in A H R and 
defective fluid transport. 
Furthermore, studies on L D H release from damaged 16HBE14o- cells also 
demonstrated the cytotoxic effect of poly-L-arginine. By exposing the epithelia to 
various concentrations of poly-L-arginine with different time periods, the cell viability 
of 16HBE140- cells decreased in a concentration- and time- dependent manner to 
about 80% (Fig 3.1.3.2 and Fig 3.1.3.4). Since L D H is released only when there is 
damage of plasma membrane, these data may respresent the poly-L-arginine-induced 
necrosis in 16HBE14o- cells. It has been shown that poly-L-arginine could also 
induce apoptosis in 16HBE14o- cells. However, the percentage of the apoptotic cells 
only attributed a small proportion, compared with necrotic cells, of total cell death 
(Shahana et al., 2002). It is noteworthy that there was no detectable LDH activity in 
all the time match untreated controls. This implies that all the manipulation processes 
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including the use of serum free medium and mechanical stress during the experiment 
would not lead to cell death. 
Taken together, our data showed the use of poly-L-arginine could mimic the 
physical damage as seen in eosinophilic inflammation in asthma, which were reflected 
by the measurement of TER, L D H released and also the morphology of the treated 
epithelia. Our data not only consistent with the previous studies from other groups, 
but also compatible with the clinical observation in asthmatic patients. Yet, further 
investigation on cytokine profiles is needed for the assessment of the present model 
using an immunological approach. 
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4.2 The cytokine profile of cultured 16HBE14o- cells damaged by 
poly-L-arginine 
Previous studies on sputa, B A L and airways biopsy from asthmatic patients 
revealed that the cytokine profiles of asthmatic patients were different from that of 
normal control subjects. A wide range of growth factors, cytokines and chemokines 
were found in an elevated level in patients with asthma. These included GM-CSF, 
IL-la, IL-ip, IL-4, IL-6, IL-8, IL-16，TNF-a and eotaxin (Marini et al, 1992; 
Laberge et al., 1997; Sousa et al., 1996). These inflammatory mediators were secreted 
from bronchial epithelial cells, as well as other inflammatory cells such as eosinophils, 
mast cells and monocytes. They participated in the pathophysiology of asthma 
through recruitment and prolonging the survivorship of inflammatory cells, 
modulation of mucus secretion which in turns affect mucus clearance, and airway 
remodeling. To gain a global understanding of cytokine profile of the 16HBE Mo-
cells damage by poly-L-arginine, the culture supematants were examined by RayBio® 
Human Inflammatory Antibody Array Kit (RayBiotech, USA). 40 soluble proteins 
that are associated with inflammation, including asthma, were detected 
simultaneously and their relative expressions could be compared semi-quantitatively. 
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4.2.1 Change of cytokine profile of cultured 16HBE14o- cells upon 
damaged by poly-L-arginine 
As shown in Fig 3.2.1.2’ spontaneous secretion of all 40 cytokines were detected, 
indicating that the bronchial epithelium itself is a source of various cytokines and 
different cytokines were actively secreted, even if there was no damage or injury. It is 
believed that these cytokines are inferred to play a role in maintaining homeostasis in 
normal airways. Among all the 40 inflammation-related proteins, spontaneous 
secretion of IL-8 and R A N T E S was the highest, in terms of the relative expression to 
positive control. Similar finding was detected in Caco-2 cells, a human differentiated 
colon carcinoma cell line (Maillot et al., 2000). The spontaneous secretion of various 
cytokines may be due to ATP released from the bronchial epithelial cells upon 
mechanical stress (Homolya et al” 2000). It has been reported that ATP stimulated the 
release of IL-6 from small airway epithelial cells (Douillet et al., 2006). Therefore, in 
order to minimize the effect of cellular ATP release during media changes, fluid was 
introduced to the flasks or wells by slowly pipetting along the walls of each well to 
prevent significant perturbation of the cells in all the experiments. 
After exposure to 10 |LIM poly-L-arginine for 3 hours, the change in cytokine 
production from damaged 16HBE14o- cells is shown in Fig 3.2.1.4. The expression 
levels of IL-6 and IL-6sR were upregulated significantly when compared with that of 
time match controls. Our data are consistent with the previous studied that IL-6 and 
IL-6sR levels increased in B A L and lung tissues of asthmatic patients (Broide et al, 
1992; Doganci et al.’ 2005). IL-6 is a well known pro-inflammation factor that plays 
important roles in T cell-mediated immune responses. It can induce T cells 
proliferation and also prolong their survivorships (Conze et al” 2000). Also, previous 
study showed that CD4+ T cells were found in airway mucosa of patients with fatal 
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asthma (Corrigan et al., 1995). One of the reasons for such observation may be due to 
the elevated levels of IL-6 present in the B A L and lung tissues in asthmatic patients. 
The increase in IL-6sR expression after the poly-L-arginine treatment could be 
explained by the shedding of the membrane-bounded IL-6 receptors from the 
damaged epithelia. It is suggested that IL-6 would bind to IL-6sR and then stimulate 
the growth and survivorship of CD4+ Th2 cells during airway inflammation as a 
positive correlation was observed between the number of CD4+ cells, Th2 cytokines 
(IL-5 and IL-13) and IL-6sR in the B A L after allergen challenge in asthmatic subjects 
(Doganci et al., 2005). Our data agrees with the observations in asthmatic 
inflammation. 
In addition, the relative expression of IL-8 and RANTES increased more than 
twofold whilst that of IL-6 and IL-6sR increased fivefold when compared with the 
control. IL-8 and R A N T E S are potent chemmoattractants for neutrophils. IL-8 can 
activate and induce directional migration of neutrophils (Baggiolini & Clark-Lewis， 
1992). Injection of IL-8 into human skin caused exclusive infiltration of neutrophils to 
the injection site and the effect was long lasting. On the other hand, RANTES can 
induce the proliferation and activation of certain natural-killer cells. However, it has 
been shown that increased levels of IL-8, but in some cases, not RANTES, were 
detected in B A L of asthmatics patients (Yousefi et al.’ 1995; Fahy et aL, 1997), 
indicating that the R A N T E S may not necessarily play a significant role in the 
pathophysiology of asthma. 
Furthermore, the levels of IL-la and TNF-a, two important cytokines that elicit 
an innate immune response, were elevated significantly after the poly-L-arginine 
treatment. Both of them act as primary mediator to trigger the onset of inflammation 
by activating bronchial epithelial cells and recruiting immune cells to the airways. 
The increased level of IL-6, IL-8 and IL-12 p40 may be due to the activation of 
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bronchial epithelial cells by TNF-a. TNF-a is also able to induce A H R and histamine 
release from mast cells, participating in a positive autocrine loop that potentate mast 
cell cytokine secretion (Coward et al., 2002). There are currently clinical trials on the 
use of anti-TNF-a including blockers and anti-TNF-a antibody as a therapy in asthma. 
Some of them have shown improvement on A H R and FEVi (forced expiratory 
volume in one second), suggesting that TNF-a do play an important role in asthma. 
Further studies on the safety of anti-TNF-a therapy are now underway. 
The relative expression of IL-12 p40 was also upregulated after the exposure to 
10 [iM poly-L-arginine for 3 hours. IL-12 p40 is one of the subunits of IL-12. It is 
responsible for the negative regulation of IL-12 and IL-23 by competition for their 
common receptor component, and hence prevents the IL-12- and IL-23-mediated 
functions (Cooper & Khader，2003). Besides its negative regulatory role, it is believed 
that it might have a pivotal and independent early agonistic role in initiating the 
immune response (Abdi, 2002). Abdi showed that there was an increase in epithelial 
IL-12 p40 expression and B A L in asthmatic subject. However, expression of another 
inflammation related cytokine, IL-12 p70, was unaltered, resulting an elevated IL-12 
p40/p70 ratio in asthmatic patients. W e also compared the IL-12 p40/p70 ratio in our 
model, though it is not statistically significant when compared with control (p = 0.06, 
probably due to small sample size). Previous studies have also revealed that IL-12 p40 
interacted with other IL-12 subunits to alter its expression. These data showed IL-12 
p40 might play a crucial role in modulation of airway inflammation. 
Collectively, 4 out of 7 of inflammation related cytokines that increased in 
expression after poly-L-arginine treatment, including IL-la, IL-6, IL-8 and TNF-a, 
are acute phase proteins. Acute phase protein is referred as protein that its 
concentration increases in the plasma in response to inflammation. This piece of 
evident shows that poly-L-arginine not only mimicked the effects of M B P on 
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permeability and cytotoxicity in 16HBE14o- cells, but also induced inflammation-like 
cytokine profile in our model. Additionally, our data also consistent with previous 
studies that activated bronchial epithelial cell enable the release of various cytokines 
including IL-6, IL-8 and RANTES. 
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4.2.2 Quantification of IL-6 by ELISA 
To understand more about the amount and secretion pattern of cytokine after 
exposure to poly-L-arginine, 16HBE14o- cells were seeded onto Transwell-CLEAR 
inserts (Costar, USA) and incubated with various concentrations of poly-L-arginine 
for different time periods. The amount of IL-6 in the cell culture supernatants from 
different compartments was quantified individually using Human IL-6 ELISA Kit 
from Diaclone (France) 
Spontaneous release of IL-6 was detected in the time match controls which was 
consistent with our previous finding in the study of cytokine profile of 16HBE14o-
cells. Exposure to 50 |j,M poly-L-arginine stimulated a time dependent release of IL-6 
from 16HBE140- cells in both apical and basolateral compartments, with a higher 
concentration of release of IL-6 in the apical compartment. Similar results were 
obtained in the study of concentration dependency of poly-L-arginine in 16HBE14o-
cells. However, dose dependent increase in IL-6 was only observed in low 
concentration of poly-L-arginine (1-10 |JM)，but it decreased gradually as the 
concentration of poly-L-arginine increased. It might be due to the highly cytotoxic 
effect of poly-L-arginine that IL-6 could not be synthesized and released before cell 
death. The release of IL-6 seems to be in a polar fashion (i.e. toward the apical side of 
the monolayer). IL-6 release was significantly higher in apical compartment, 
regardless of location of poly-L-arginine stimulation. The present data was consistent 
with the previous study on quantification of IL-8 after poly-L-arginine treatment in 
our lab. With higher concentration of IL-8 secretion into apical side of the epithelia, a 
functional chemotactic gradient was created in a physiologically relevant direction. 
Migration of immune cells was favored towards the apical membrane of the damaged 
cells where allergens and bacteria were trapped in mucus in the apical surface of 
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bronchial epithelial lining facing the external environment. Thus, during the airway 
inflammation process, the bronchial epithelial lining, by releasing cytokines in a polar 
fashion, orchestrates the immune cells recruitment from the vascular compartment 
into the site of inflammation. Polarized secretion of IL-8 in different cell types 
including human pleural mesothelial cells, rat type II alveolar epithelial cells and rat 
peritoneal mesothelial cells was also observed in earlier studies (Nasreen et al, 2001; 
Paine et al, 1993; Zeillemarker et al, 1995). In the present study, activated human 
bronchial epithelial cells, 16HBE14o-, secreted IL-6 in a polarized fashion. 
It is noteworthy that the release of IL-6 might be due to the leakage of IL store 
within the ruptured epithelial cells. Meanwhile, preliminary study in our lab showed 
poly-L-arginine stimulated the activation of nuclear factor-kappa B (NF-KB), one of 
the most important transcriptional factors in the regulation of immune response, 
showing that poly-L-arginine had transcriptional effect on 16HBE14o- cells. 
Activation of N F - K B results in upregulation of gene transcription of various cytokines 
such as IL-6, IL-8 and RANTES (Newton et al., 2007). It is found that NF-KB is 
chronically active in many inflammatory diseases including asthma. The 
transcriptional products of activated NF-KB induced by poly-L-arginine could be 
further determined by microarray and quantitative real-time PGR. 
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4.3 Effect of IL-6 and IL-8 on transepithelial CI" secretion in 16HBE14o-
cells 
The bronchial epithelial lining is covered by a film of ASL. Its thickness and 
composition is important for effective airway mucus clearance and antibacterial action. 
The thickness and composition of ASL is closely regulated by Na+ absorption via 
ENaC and, CI" secretion via CaCC and CFTR on the apical membrane. Previous 
studies on the airway ion transport have addressed that certain cytokines could alter 
the ion transport activities in human bronchial epithelial cells to favor the hydration of 
the airway surface and, consequently, mucus clearance. In the present study, the effect 
of IL-6 and IL-8 on transepithelial CI" secretion in 16HBE14o- cells was examined. 
The epithelia were stimulated with UTP, a calcium-mobilizing agent, and forskolin, a 
cAMP-dependent secretagogue. With simultaneous measurement techniques, the 
concurrent effect of UTP in Isc and [Ca^ ]^, could be examined in detail. This enables 
better quantification of the effect of IL-6 and IL-8 on intracellular Ca in modulating 
anion transport activity in polarized cells (Wong & Ko, 2002). In addition, various 
concentrations and incubation time were employed to study the concentration- and 
time-response relationship for the effects of agonists upon changes in Isc and [Ca ],. 
The effects of IL-6 and IL-8 on Isc and [Ca ], were compared with 1 % BSA 
time match controls. Measurement of Isc showed the transepithelial resistance of the 
cells was 261.38 士 4.29 Q-cm^ (n = 286). In general, UTP stimulated a biphasic 
increase in Isc, with a concomitant increase in whilst forskolin evoked a 
monophasic increase in Isc without any change in Fura-2 ratio. In addition, amiloride 
did not have significant effects on the basal Isc on 16HBE14o- cells. This is in 
consistence with earlier study that no Na+ reabsorption was detected in 16HBE Mo-
cells (Bernard et al., 2003). In the experiments, the epithelia were bathed in 
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asymmetric K H solution in order to apply a basolateral to apical Cr gradient. Under 
such conditions, the increase in Isc would be due to CI" secretion (Cozens et al, 1994). 
Since IL-6 and IL-8 might also affect the duration of agonist-induced response but not 
the peak magnitude of the Isc response, the area under the Isc response curve, i.e. the 
total charge transfer across the epithelia was also calculated for additional comparison. 
It has been suggested that the use of the mean total charge transfer across the epithelia 
would be much more informative and appropriate to compare, than to compare the 
peak amplitude of the Isc response (Fong et al, 1998). Thus, in our experiment, the 
mean total charge transfer across the epithelia would also be assessed in order to 
investigate the effect of IL-6 and IL-8 on transepithelial CI" secretion. 
In general, the effects of IL-6 and IL-8 on UTP- and forskolin-stimulated Isc 
2+ 2+ response, and UTP-induced [Ca ], response were very similar except for the [Ca ], 
response in which 1 ng/ml IL-8 was incubated as shown in Table 2. In some cases, 
IL-6 and IL-8 could potentate the cAMP-dependent CI" transport. For example, 
incubation with 1 ng/ml IL-6 and 10 ng/ml IL-8 for 48 hours evoked a higher 
forskolin-induced Isc response in 16HBE14o- cells, when compared with 1 % 
BSA-treated time match controls. However, neither concentration- nor 
time-dependency could be observed. Therefore, we could not show solid evident that 
IL-6 nor IL-8 could upregulate cAMP-dependent CI" secretion in 16HBE14o- cells. 
On the other hand, both IL-6 and IL-8 had no significant effect on UTP-induced 
Isc as demonstrated from both peak amplitude of the Isc response and total charge 
2+ 
transfer across the epithelia. Whilst, a significant decrease in UTP-induced [Ca ], 
response was observed when 16HBE14o- cells were incubated with 10 ng/ml IL-6 
and IL-8 for 24 and 48 hours. It seems to be surprised that the decrease in 
UTP-induced [Ca�—], response was not accompany with a decrease in Isc response. 
This observation can be explained with a number of possibilities including the 
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modulation of CaCC activity and expression, the compensation with CI" secretion via 
other signal transduction pathways in which [Ca^ ""], is not involved or modulation of 
other ion channels. It has been reported by Galietta et al (2000) and Dulong et al 
(2007) that IFN-y and IL-13 potentiated the UTP-induced Isc without affecting the 
[Ca2+], level in N H B E cells, indicating that the activity of CaCC was upregulated. 
Additionally, Endo et al (2007) showed that CaCC expression, which was 
characterized by expression of hCLCAl, was upregulated in 16HBE14o- cells under 
the effect of IL-13. These findings lead us to postulate that the transcriptional effect of 
IL-6 and IL-8 on CaCC (or associated proteins) is probably involved in the 
UTP-induced Cr secretion with a lower elevated [Ca^ ]^, level compared with 1 % 
BSA treated time match control. The expression of hCLCAl protein after incubation 
of IL-6 and IL-8 in 16HBE14o- cells remains to be determined by western blotting. 
Lazarowski and Boucher (2001) reviewed that responses to extracellul科 UTP 
appeared to be secondary to stimulation of phospholipase C (PLC) and the 
concomitant increase of inositol 1,4,5-triphosphate (IP3), mobilization of intracellular 
calcium, and activation of protein kinase C (PKC) in most cells. It has been suggested 
that extracellular UTP-activated CI" current through CFTR in mouse ventricular 
myocytes was mediated by activation of P2Y2 receptor, via PLC-PKC signaling 
pathway (Yamamoto et al.’ 2007). The unaffected UTP-induced CI" secretion with a 
decreased elevation of [Ca2+], after incubation of IL-6 and IL-8 might be compensated 
via different signaling pathway such as PLC-PKC pathway which is independent from 
Ca2+. The effect of IL-6 and IL-8 on PKC activity could be measured by PKC assay. 
Another possibility we have to consider is the effects of IL-6 and IL-8 on 
basolateral potassium (K+) transport activity. The efflux of K+ through K+ channels is 
important in hyperpolarizing the cells, thus maintaining the driving force for CI" 
apical exit. It has been reported that the activity of SK4 channels, Ca^^-dependent K+ 
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channels, was increased with IL-13 treatment in N H B E cells (Dulong et al, 2007). 
These data lead us to speculate the enhancement of K+ channels activity might also 
strengthen the IL-6 and IL-8 induced stimulation of CI" secretion. The use of 
clotrimazole, the pharmacological blocker of Ca2+ -dependent K+ channels, could 
elucidate its role in IL-6 and IL-8 induced stimulation of CI' secretion in 16HBE14o- . 
cells. 
Decrease in elevation of [Ca^ "^ ], after IL-6 treatment has been reported in cultured 
chick embryo ventricular myocytes (Kinugawa et al., 1994). IL-6 induced nitric oxide 
(NO) production by enhancing Ca^'^-dependent constitutive N O synthase (NOS) 
activity. c G M P level was elevated and in turn, inhibited L-type Ca^ "^  channel and Ca^ "^  
mobolization. As a result, depressed cell contraction was observed. Moreover, 
induction of N O production in the presence of cytokines in airway epithelium has 
been outlined (Asano et al, 1994). It has been demonstrated that S-nitrosoglutathione 
(GSNO), a N O donor, stimulated CI" secretion through CFTR via both 
cGMP-dependent and cGMP-independent mechanisms (Chen et al, 2006). These data 
lead us to speculate that whether N O was induced by IL-6 and IL-8 in 16HBEMo-
cells and played a role in modulation of transepithelial CI" transport activity. The 
underlying mechanisms of effects of IL-6 and IL-8 on transepithelial CI" secretion 
remain to be determined. 
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4.4 Summary 
Overall, poly-L-arginine induced damage to cultured 16HBEMo-cells which 
mimicked the eosinophilic inflammation in airways. The damaging effect of 
poly-L-arginine was demonstrated by reduction in TER, exfoliation of epithelia and 
decreased in cell viability in a concentration- and time-dependent manner. Exposure 
to poly-L-arginine also changed the cytokine profile of 16HBE14o- cells. 
Upregulation of IL-la, IL-6, sIL-6R, IL-8, IL-12p40, TNF-a and RANTES were 
observed, which was in consistence with observation in asthmatic subjects. 
Quantification of IL-6 released from poly-L-arginine-induced damaged epithelia 
showed the secretion of IL-6 was concentration and time dependent of 
poly-L-arginine and in a polarized fashion towards apical side of the monolayer. 
Understanding the cytokine profile and secretion mechanisms of 
poly-L-arginine-induced damage in 16HBE14o- cells may lead to new therapeutic 
options and containment of airway inflammation. 
The effect of IL-6 and IL-8 on transepithelial CI" secretion in polarized 
16HBE140- epithelia was examined by simultaneous measurements of and Isc-
No significant effect of IL-6 and IL-8 could be observed in cAMP-dependent CI" 
secretion, while a similar level of Ca^ -^activated CI" transport with a reduced [Ca^ "^ ], 
elevation was detected. One of the possibilities was probably associated with the 
enhancement of CaCC activity. The effect of IL-6 and IL-8 on Ca^ '^ -dependent K+ 
channels and modulation on other signaling pathways remains to be determined. 
Airway hypersecretion is one of the characteristic features of asthmatic patients, as 
well as other hypersecretory diseases such as cystic fibrosis and chronic obstructive 
pulmonary disease (Endo et al.’ 2007). The elucidation of the mechanism underlying 
cytokine-dependent ion transport modulation may lead to novel strategies for the 
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fluidification of mucus secretions and the treatment of chronic pulmonary diseases 
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